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Summary
This th e s is  describes the development of computer programs fo r  use by the 
Ancient Monuments Laboratory o f the Department o f the Environment in  the 
d isp lay  and in te rp re ta t io n  o f geophysical data from surveys o f a rch aeo lo g ica l 
s i t e s .
The r e la t iv e  s ig n if ic a n c e  o f archaeo log ica l and o th er co n trib u tio n s  to  the 
instrum ent response and the c h a ra c te r is t ic s  by which arch aeo lo g ica l fe a tu re s  
a re  recognized in  the re s u l ts  a re  d iscussed  with examples from m agnetic and 
r e s i s t i v i t y  surveys. S ig n ific a n t anomalies may in  p a r t be defined  in  terms 
o f th e i r  l a t e r a l  ex ten t and so may be emphasised o r e x tra c te d  through two- 
dimensional s p a t ia l  f i l t e r i n g  techniques as employed in  image p rocessing . 
F i l te r in g  procedures have been in v e s tig a te d  and ap p lied , and examples o f 
r e s u l ts  are  described . I t  i s  proposed th a t  f i l t e r i n g  i s  u su a lly  necessary  
fo r  r e s i s t i v i t y  readings which have a wide s p a tia l  response, but i s  o f  le s s  
relevance fo r  magnetic surveys using  the fluxgate  gradiom eter. This d e tec ts  
only a t  close range so th a t the output i s  e f fe c t iv e ly  p r e - f i l t e r e d ,  and i s  
the standard  instrum ent a t the AM Laboratory. The main requirem ent fo r  
p rocessing  magnetic r e s u l ts  i s  simply a c le a r  d isp lay  based on a s u f f ic ie n t ly  
c lose  sample o f the s ig n a l to  allow  d e ta ile d  manual in te rp r e ta t io n .
A dditional numerical operations a re  requ ired  during p rocessing  to  in te rp o la te  
to  sca le  and to  define the range o f d isp lay  le v e ls ,  and th e i r  e f f e c t  on image 
q u a lity  i s  d iscussed .
Two s e ts  o f programs have been w r itte n , one o f which i s  implemented on a 
tim e-sharing  system and the o th er on a minicomputer. Each i s  in te ra c t iv e  so 
th a t  the treatm ent may be re fin ed  through t e s t s  on sec tio n s  o f  d a ta , and they 
have both been used fo r  production processing . Design work now continues 
w ith the aim o f s e t t in g  up an extended system w ith capacity  to  p rocess very 
la rg e  surveys e f f ic ie n t ly .  Proposed so lu tio n s  to  problems o f program 
o rg an iza tio n , c o n tro l, and data s tru c tu re  are described .
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G eophysical p ro sp ec tin g  i s  th e  only  n o n -d es tru c tiv e  and rep ro d u c ib le  
method o f d e ta i le d  sit©  in v e s t ig a t io n  a v a ila b le  to  archaeolo^r*  I t  i s  
a  technique which extends and complements o th e r  sources o f fie ldw ork  
evidence b u t which has been r e l a t iv e ly  l i t t l e  exploited*
As a  means o f  la rg e -s c a le  reconnaissance geophysics cannot o f f e r  th e  
economy o r  extended coverage o f  a e r i a l  photography* b u t In  d e ta i le d  
r e so lu tio n  th e  r e s u l t s  a re  o f te n  superio r*  The co n d itio n  o f  c ro p sark s 
and so ilm arks v a r ie s  w ith  w eather and season so th a t  photographic 
in fo rm ation  should id e a l ly  b© in te g ra te d  over a  p e rio d  o f  y ears  
(Hampton e t  a l*  1977)* b u t geophysical evidence may in  p r in c ip a l  be 
recovered  through a  s in g le  survey*
F ieldw alk ing  i s  perhaps th e  method o f  s i t e  lo c a tio n  most w idely  used 
by a rch aeo lo g ists*  and th e  su rface  find© may provide c u l tu r a l  and 
ch ro n o lo g ica l in fo rm ation  n o t o therw ise a v a ila b le  to  fieldw ork* By 
p lo t t in g  d eb ris  and a r te f a c t s  on a  measured g r id  i t  may be p o s s ib le  to  
lo c a te  fe a tu re s  and a c t i v i t i e s  w ith in  th e  s i t e  in  g en era l te rn s  
(Foard* 1978)* b u t geophysics a llow s d e ta i le d  and p re c is e  planning®
Fieldw o^s s tu d ie s  based on in fo rm atio n  from a l l  such sources to g e th e r  
w ith  topograph ica l and h i s to r i c a l  evidence a re  o f  in c re a s in g  concern 
i n  archaeology* In  p a r t  t h i s  development re p re se n ts  a  move tow ards 
re se a rc h  in to  th e  h is to ry  o f  th e  com plete landscape r a th e r  than  o f  
in d iv id u a l s i t e s  in  iso la tio n *  b u t such work i s  a ls o  a  n ecessa ry  a id  to  
co n se rv a tio n . Few a rch aeo lo g ica l s i t e s  o th e r  than  those  s p e c i f i c a l ly  
p rese rv ed  w i l l  o u t la s t  t h i s  cen tu ry  in  th© face  o f  c u rre n t w holesale 
d e s tru c tio n  and s i t e s  may only  b© defended o r  p ro te c tiv e  measures 
enfo rced  whor© archaeology i s  known to  e x is t*  She on ly  s a t i s f a c to r y  
means o f  conservation  i s  to  leav© th e  archaeology undisturbed*
d e s tru c t iv e .  To d ig  on a  seal© corresponding to  th e  needs o f 
co n serv a tio n  would ho q u ite  im possible* and bo th  in fo rm ation  and 
o b je c ts  a re  f a r  more secure  underground than  th ey  would be in  th© 
car© o f  overextended a rc h a e o lo g is ts  and museums.
Geophysical d e te c tio n  then  o f fe r s  p o te n t ia l  contribution®  in  many 
a re a s  o f archaeology* b u t so f a r  few a rc h a e o lo g is ts  a re  i n  a  p o s it io n  
to  make us© o f  i t .  F or th® moment i t  p rov ides in  many cases th e  most 
immediate and comprehensive means o f  e s ta b lis h in g  and reco rd in g  th e  
c h a ra c te r  and e x te n t o f  a  s i t e .  I t  i s  a  m ajor fu n c tio n  o f th®
Geophysics S ec tio n  o f  th© A ncient Homsaents L aboratory  a t  th©
Department o f  th© Environment to  supply such in fo rm atio n  to  th© 
In sp e c to ra te  o f  A ncient Monuments f o r  ad B in is t r a t i  ve purposes in  
en fo rc in g  th e  A ncient Monument® A cts . Where n ecessa ry  surveys &ra a ls o  
provided a s  a  guid© to  in tended  excavations* and sometimes a s  a  mean® 
to  complete th e  p lan  o f  a  p a r t i a l l y  excavated s i t e .
S u ita b le  geophysical methods f o r  a rch aeo lo g ica l use a r c  by now 
te c h n ic a l ly  w e ll e s tab lish ed *  b u t a  need rem ains f o r  f u r th e r  p r a c t ic a l  
developments to  allow  th o i r  e f f i c i e n t  a p p lic a tio n  on a  seal© which 
beg ins to  meet th e  a rch ae o lo g ic a l demand. Th© d e te c tio n  method® used 
(p r in c ip a l ly  m agnetic and e l e c t r i c a l  r e s i s t i v i t y  survey ing) ar© w ell 
known in  o th e r  a re a s  o f  geophysical p ro sp ec tin g , b u t th® v a s t ly  d i f f e r e n t  
seal© o f  o p era tio n  in  archaeology re q u ire s  a  d is t in c t iv e  approach bo th  
i n  survey  procedure and th e  in te rp r e ta t io n  o f  r e s u l t s .  Developments 
in  those  a rea s  a re  n e c e s s a r i ly  a  concom  o f th e  A ncient Monuments 
L aboratory  which i s  re sp o n s ib le  f o r  much p r a c t ic a l  a rc h a eo lo g ica l 
su rvey ing .
The o b je c t o f  th© work d escrib ed  here  was to  in v e s t ig a te  th® a p p lic a t io n  
o f  computer techniques to  th© p ro cessin g  and d isp la y  o f  survey  data*
r e s u l t s .
The survey d a ta  o r ig in a te s  e i th e r  a s  a  g r id  o f  d is c re te  v a lu es o r  as  
an  analogue s ig n a l p lo t te d  along  r e g u la r ly  spaced t r a v e r s e s .  The 
read in g s  a re  su b je c t to  n o ise  and extraneous disturbance©  o f  v a rio u s  
kind® and th e  f in a l  in te rp r e ta t io n  o f  f e a tu re s  o f  a rch a eo lo g ica l 
i n t e r e s t  i s  a  m a tte r  o f  su b je c tiv e  assessm ent. A d e a r  g ra p h ic a l 
p re se n ta tio n  o f  th® d a ta  i s  req u ired  a s  a  b a s is  f o r  in te rp re ta t io n *  
and to  p rep are  t h i s  m anually i s  h ig h ly  la b o r io u s . Much o f  th© p re se n t 
work o f  th e  M  la b o ra to ry  i s  based on d i r e c t ly  recorded  analogue 
p lo ts  b u t num erical p ro cess in g  and computer d isp la y  cou ld  o f f e r  g r e a te r  
power and f l e x i b i l i t y .  The a rch a e o lo g ic a l f e a tu re s  d e te c te d  in  
g en era l l i e  clos® beneath  th e  ground su rface  and th© d a ta  re p re se n ts  
approxim ately  th e  s p a t i a l  v a r ia t io n  in  two dimensions o f  th e  q u a n ti ty  
measured. Treatm ent o f th© d a ta  i s  th e re fo re  p r im a r ily  a  m a tte r  
o f  image p ro cessin g  in  which techniques f o r  th e  enhancement o f  degraded 
images may b© a p p lie d .
The ex ac t trea tm en t re q u ire d  to  g ive  a  s a t i s f a c to r y  v is u a l  e f f e c t  
v a r ie s  f o r  each survey* and so th e  p ro cess in g  param eters a re  b e s t  
d o tesa in ed  e m p iric a lly  by means o f  t e s t  p lo ts  produced through an 
in te ra c t iv e  package o f computer • programs • _ :;;r ■
Two s e ts  o f  programs have so f a r  been com pleted and a re  d e sc rib ed  in  
t h i s  th e s i s .  One o p era tes  on th© Eoneywoll/Gonexal E le c tr ic  Hark 
I I I  tim esh arin g  system through a  te rm in a l a t  th© AM Laboratory* and th© 
o t t e r  ©a t t e  Data G eneral Hova 800 minicom puter a t  th e  U n iv e rs ity  o f  
S u rrey  Physic© Departm ent. They re p re se n t two experim ental approaches 
to  th© problem end so v ary  in  s tru c tu re  and c a p a b i l i t i e s .  They have 
b o th  been used  f o r  some tim e in  ro u tin e  p ro cess in g  wosk* n o ta b ly  o f
th e  use o f  analogue p lo ts  f o r  th e  bu lk  o f  th© la b o ra to ry  o u tp u t. 
Experience has by now shown however th a t  replacem ent o f  th© analogue 
p lo ts  w ith  computed p lo ts  i s  p o ss ib le  and d e s ira b le . A f u r th e r  
expanded system o f  programs which should allow  computer tre a tm e n t o f  
th e  complete la b o ra to ry  workload i s  therefor®  now in  p re p a ra tio n .
The r e s u l t s  o f  t h i s  work a re  p re sen ted  a s  follow s?
In  ch ap te r 1 survey procedures a re  ou tlined*  and th e  fac to rs*  
a rch a eo lo g ica l and otherw ise* which a f f e c t  th e  d a ta  a re  d esc rib ed .
Examples o f  r e s u l t s  a re  g iven to  show methods o f in te r p r e ta t io n  and 
p re se n ta tio n . The © stent to  which computer techn iques a re  o f  valu© 
i s  th en  considered . In  ch ap te r 2 re le v a n t image p ro cess in g  th eo ry  
and i t s  a p p lic a tio n  to  th e  problem a re  d esc rib ed . O tte r  num erical 
o p e ra tio n s  c a r r ie d  ou t on th© d a ta  a re  a ls o  d iscu ssed . The computer 
programs w r i t te n  f o r  t h i s  p ro je c t  a re  d escrib ed  in  c h a p te r  3 9 th e  
requirem ents and p ro p o sa ls  f o r  th e  f in a l  extended p ro cess in g  system  
a re  ex p la in ed . Som© case s tu d ie s  o f  th© r e s u l t s  o b ta in ed  from 
p a rtic u la r^ su rv e y s  w ith  n o tes  on th e  p ro cess in g  methods used  a re  
g iven  in  ch a p te r  4* and f in a l l y  surveys from which r e s u l t s  have been 
p rocessed  u s in g  th e  programs d escrib ed  a re  l i s t e d  in  an appendix .
C hapter 1
Survey methods and in te rp r e t a t i on o f  r e s u l t s. n n  - ni»T^ »>T»a,a*«««»«,,»»f^ ,» ^ « ^ / ^ tT^rrrTTTrTinrrTrTnr-riTr8iri,TiirTW i iii rm u r—  mi 1 >i i n  n n i
Techniques o f  a rch aeo lo g ica l geophysics a re  reviewed in  th e  books by 
A it ken (1974) and T ite  (1972), and th e  equipment and procedures used 
a t  th e  A ncient Monuments Laboratory  have been th e  su b je c t o f  papers 
by C lark  and Hadden Reece (1972) ©ad C lark  (1975)* Accounts o f  computer 
methods o f  d a ta  trea tm en t by S c o lla r  (eg  1969b, 1974, 1973), and a ls o  by 
L inington  (1968, 1969) a re  re fe r re d  to  in  more d e ta i l  in  ch ap te rs  2 and 5#
In  th i s  ch ap te r fie ldw ork  techn iques a re  o u tlin e d  to  in d ic a te  th© n a tu re  
o f  th e  p h y s ica l response on which th© survey r e s u l t s  depend and th e  
consequent sources o f  bo th  th e  a rch aeo lo g io a l * s ig n a l1 and th© non- 
a rch aeo lo g ica l •noise* which must be d is tin g u ish e d  in  th e  f in a l  
in te rp r e ta t io n .  The methods o f  m agnetic and r e s i s t i v i t y  survey ing  
employed a t  th e  AM Laboratory  a re  d escrib ed  and o th e r  techn iques 
mentioned b r ie f ly .
I n te rp r e ta t io n  o f  survey p lo t s ,  w hether m anually p repared  ©r computed, 
i s  by no means an exact sc ien ce  and in  some cases  assessm ents by 
d i f f e r e n t  in te r p r e te r s  may v ary . Any re p o r t  g iv in g  a  f a l l  account o f  
th e  r e s u l t s  o f  a  survey must th e re fo re  in c lu d e  re p re s e n ta tio n s  o f  b o th  
th© geophysical f in d in g s  and th e  a rch aeo lo g ica l in te r p r e ta t io n  d erived  
from them, to g e th e r  w ith  an es tim ate  o f  th e  r e l i a b i l i t y  o r  s ig n if ic a n c e  
o f  th© r e s u l t s .  Examples w i l l  be given o f  bo th  i n i t i a l  and in te rp r e te d  
p lo ts  to  show th e  n a tu re  o f  th e  problem.
A rchaeological survey in te rp r e ta t io n  based on th e  2-dim ensionnl s p a t i a l  
v a r ia t io n  in  th© d a ta  d i f f e r s  fundam entally  from in te r p r e ta t io n  in  
la rg e  s c a le  geophysical p ro sp ec tin g  where th© aim i s  o f te n  to  re c o n s tru c t  
th e  source o f  th e  d e te c ted  anomaly in  5 dim ensions, Th© p o s s ib le  
re lev an ce  o f  such an approach in  archaeology i s  considered  in  s e c tio n  1,4*1*
The p r a c t ic a l  requirem ents f o r  & computer system  to  be employed in  
a rch aeo lo g ica l survey p ro cessin g  a re  mentioned b r ie f ly  in  s e c tio n  1 .4 . 3 .
1,1 M agnetic Surveying
T“ r r r ~ w — r — m  v  'in  r m iw  iith  m i it o
The measurement .o f  lo c a l  v a r ia t io n s  in  m agnetic f i e l d  s tre n g th  has been 
used  ao an a rch aeo lo g ica l p ro sp ec tin g  technique s in ce  th e  in tro d u c tio n  
o f  a  t r a n s is to r i s e d  p ro ton  magnetometer (A itken e t  &1 1958), end i s  
th e  most w idely ap p lied  o f  th© a v a ila b le  methods. M agnetic d e te c tio n  
i s  p a r t ic u la r ly  e f fe c t iv e  in  archaeology because th e  chem ical end 
p h y s ica l p rocesses which giv© r i s e  to  d e te c ta b le  lo c a l  m agnetic anom alies 
a re  to  gome e x te n t promoted by human agency and a c t iv i ty .
The magnetometer p re fe r re d  fo r  ro u tin e  surveys a t  th e  AM L aboratory  i s  
th e  f lu x g a te  g rad iem eter. The a rch aeo lo g ica l use o f  an in strum en t o f  
t h i s  type was re p o rte d  by A lld red  ( 1964) ,  th e  c u rre n t s tan d a rd  
model i s  th a t  d escrib ed  by P h ilp o t (1972). In  t h i s  in strum ent each o f  
th e  f lu x g a te  d e te c to rs  co n ta in s  a  p a i r  o f  p a r a l l e l  h igh  p e rm e ab ility  
(Perm alloy) m etal c o re s . These a re  wound w ith  d r iv e  c o i l s  in  s e r ie s  
o p p o s itio n , and th e  complete u n i t  i s  surrounded by a  sense c o i l .
An ap p lied  d riv e  c u rre n t s a tu ra te s  th e  cor© th u s  exclud ing  th e  m agnetic 
f lu x  o f  th e  ambient f i e ld ,  bu t produces an e f f e c t iv e ly  zero  r e s u l ta n t  
f i e l d  on th e  sense winding. A pu lsed  DC d riv e  c u rre n t th e re fo re  causes 
th e  ambient f lu x  to  be •gated* in te rm it te n t ly  through th e  c o re , and in  
th e  p rocess i t  c u ts  end induces a  d e te c ta b le  v o ltag e  in  th e  sense c o i l .
An in d iv id u a l d e te c to r  measures th e  f i e l d  component p a r a l l e l  to  i t s  
a x is  and so i s  h ig h ly  d ire c t io n  s e n s i t iv e ,  bu t t h i s  is.overcom e by 
mounting a  p a i r  o f  d e te c to rs  c o a x ia lly  one a t  each end o f  a  one m etre 
long  tu b e . The f in a l  ou tpu t th en  re p re se n ts  th e  lo c a l  g ra d ie n t o f  th e
This arrangem ent has th e  a rch aeo lo g ica l advantage th a t  th e  instrum ent 
i s  most s e n s i t iv e  to  fe a tu re s  im m ediately beneath  th e  d e te c to r  tub® 
(when c a r r ie d  u p r ig h t) .  There i s  a  weaker h o r iz o n ta l response and th e  
range o f  d e te c tio n  i s  l im ite d  because w ith  in c re a s in g  d is ta n c e  th e  
f i e l d  s tre n g th  a t  th e  two d e te c to rs  tends to  th e  same value* This 
means th a t  i t  i s  p o ss ib le  to  work to  w ith in  a  few m etres o f  a  m etal 
fence and th e  in strum ent i s  n o t a f fe c te d  by d iu rn a l changes i n  th e  
e a r th *0 f i e ld ,  n o r by such in te r fe re n c e  a s  DC e le c t r i c  ra ilw a y s .
The in te g ra t io n  tim e o f  th e  ou tpu t i s  sh o rt enough ( le s s  th an  V 5 
second) f o r  th© s ig n a l to  be regarded  as  a  continuous end in s tan tan eo u s  
measure o f  th e  f i e ld  g ra d ie n t.  This continuous ou tpu t governs th e  
d isp la y  and in te rp r e ta t io n  methods used end a f f e c ts  th© s t r a te g ie s  
adopted in  th e  computer work to  be d escrib ed  below.
The p ro ton  magnetometer a lso  rem ains in  a rch aeo lo g ica l u se . The 
p recess io n  frequency o f  p ro tons ( i e  hydrogen s u o le i i  in  a  sample o f  
w ater o r  o rgan ic  l iq u id )  a f t e r  they  have been p a r t i a l l y  a lig n e d  by 
a p p lic a tio n  o f  a  p o la r iz in g  f i e l d  i s  p ro p o rtio n a l to  th e  e x te rn a l 
f i e l d  s tre n g th , and may be measured through th e  v o ltag e  induced in  a  
d e te c to r  c o i l  (A itken, 1974, oh 7)« A s in g le  d e te c to r  sa y  be used 
a s  an ab so lu te  instrum ent to  measure th e  t o t a l  f i e ld  s tre n g th ,  b u t th e  
ou tpu t i s  then  su b je c t to  e x te rn a l f i e l d  v a r ia t io n s .  These may be 
excluded by u s in g  a  p a i r  ©f d e te c to rs  in  d i f f e r e n t i a l  mode w ith  one 
kep t a t  a  base s ta t io n ,  which i s  th e  p re fe r re d  method o f  th e  Bonn 
Landeeamseu® (eg  S c o lls r  1974), by mounting two d e te c to r  b o t t l e s  on 
one s t a f f  in  a  g radiom eter c o n f ig u ra tio n . In  a l l  cases d is c r e te  
read in g s  must be taken  because o f  th e  s e v e ra l seconds re q u ire d  f o r  th©
I ty p ic a l
p o la r is a t io n  and re la x a t io n  cyo lo . Tho^pracxreal s e n s i t i v i t y  o f  b o th  a  
a s in g le  -
p ro ton  ena^riuxg& te m a g n e to m e te r is  about 1 g&saaa (where 10 gaana »
1 o e rs te d  in  th e  emu system and 1 gamma « ( 1 0 /  4^) o i l l i e a p / m e t r e  in
SI u n i t s ) .
High s e n s i t iv i ty  o p t ic a l ly  pumped magnetometers have a lso  been used in  
archaeology, n o tab ly  by th e  U n iv e rs ity  Museum, P h ila d e lp h ia . These 
a re  continuous read in g  ab so lu te  in strum ents and so a re  used d i f f e r e n t i a l l y  
(Ralph e t  a l ,  1968) .  Th© instrum ent may be s e n s i t iv e  to  v a r ia t io n s  o f  
as  l i t t l e  a s  0.005  gamma bu t p r a c t ic a l  a rch aeo lo g ica l n o ise  le v e ls  
f a r  exceed t h i s .
1 .1 ,2  Recording  Equipment■ n r 1 i» mu iw ail ■ innnin 1 w rrrniiiimnn im 1 ■ i w »
The continuous s ig n a l o f  th e  fluxgat©  magnetometer allow s th e  in strum en t 
ou tpu t to  be p lo t te d  d i r e c t ly  on a  c h a r t re c o rd e r , and t h i s  i s  th e  
method used in  th e  s tan d ard  AM Laboratory  f i e ld  reco rd in g  system .
R egu larly  spaced tra v e rs e s  ©re p lo t te d  u s in g  a  s t r in g  and p u lle y  d riv e n  
po ten tio m eter to  supply a  d is tan ce  s ig n a l to  th e  X -axis o f  th e  re c o rd e r  
(C lark  sad Haddon-Reece, 1972). In  ex cep tio n a l cases t h i s  g iv es  p lo ts  
which may be p resen ted  as  c le a r  a rch aeo lo g ica l evidence w ith  no f u r th e r  
in te rp r e ta t io n  (eg  f i g  1 .1 ) ,  a lthough more u s u a lly  s ig n i f ic a n t  f e a tu re s  
a re  s e le c te d  and o u tlin e d  f o r  c l a r i t y .  For computing th e  s ig n a l i s  
sampled a t  1 m in te rv a ls  and logged in  d i g i t a l  form on a  m agnetic 
c a s s e t te  f o r  l a t e r  t r a n s c r ip t io n  to  punched tap©. A new reco rd in g  
system s h o r t ly  to  be commissioned w i l l  use  an o p t ic a l  encoder f o r  
accu ra te  sam pling. The read ings a re  recorded  as  8 b i t  b in a ry  in te g e r s ,  
and may ( a t  p re se n t)  be s e t  so th a t  th e  maximum value  o f  255 corresponds 
to  a  read in g  o f  e i th e r  100 o r  580 gamma.
On th e  few occasions when pro ton  magnetometer d a ta  has been processed  
th e  read in g s  were sim ply w r itte n  down in  th e  f i e l d  and l a t e r  typed to  
punched ta p e . S c o lls r  (1974) u ses  a  logg ing  system c a r r ie d  in  a  van 
and under minicomputer c o n tro l.
GROUNDWELL FARM 
Magnetometer survey, 1976
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Pig 1.1 Magnetometer survey p lo t of Iron  Age enclosure w ith 
plan o f excavated houses a t  Groundwell Parm, Swindon.
1 .1 .5  M agnetic Anomalies^  in   in 'n m n r i........■h u iw it i i i ^
The m agnetic p ro p e r tie s  o f  s o i l s  have been e x ten s iv e ly  s tu d ie d , 
i n i t i a l l y  by Le Borgne who f i r s t  observed th e  g e n e ra lly  in c reased  
m agnetic s u s c e p t ib i l i ty  o f  to p e o il  r e l a t iv e  to  su b so il and proposed 
mechanisms to  account f o r  i t .  H is r e s u l t s  a re  d iscussed  by S c o l ls r ,  
(1966) and Graham (1976), and th© su b je c t i s  reviewed a t  le n g th  in  th e  
th e s is  by M ullins (1974)*
S o ils  ty p ic a l ly  co n ta in  a  few p ercen t o f  d isp e rsed  iro n  o x id es, n o tab ly  
haem atite  ( a Fe^ 0^) which i s  weakly fe rrim ag n e tic  and occurs in  
s in g le  domain g ra in s , bu t a lso  g o e th ite  ( a  Fe 00H), m agnetite  (Fe„ 0 ^ ), 
and maghaemite ( 7  Fe^ 0 ^ ). Haem atite may i t s e l f  be produced by m ild  
h e a tin g  and then  be converted  through red u c tio n  to  m agnetite  and th en  
by re o x id a tio n  to  th e  m u lti domain maghaemite, which i s  about 1000 
tim es more s tro n g ly  fe rr im a g n e tic . This p rocess has been reproduced 
ex perim en tally  by h e a tin g  s o i l  samples in  hydrogen and th en  a i r  (T ite  
and I fu llin s  1971)* o r  in  n itro g e n  w ith  f lo u r  as  en o rgan ic  red u cin g  
agent and then  a i r  (Graham 1976). The s u s c e p t ib i l i ty  change a f t e r  
h ea tin g  i s  s u f f ic ie n t  to  account f o r  observed to p s a i l  va lues in  term s 
o f  th e  aocumssulated e f f e c ts  o f  o ccasio n a l f i r e s  over h i s to r i c a l  
tim e sc a le s .
A ferm en ta tio n  p rocess i n  which th e  red u c tio n  tak es  p lace  du rin g  
anaerobic decay in  wet con d itio n s  and th e  reo x id a tio n  in  d ry  c o n d itio n s  
may a lso  c o n tr ib u te  to  s u s c e p t ib i l i ty  enhancement. This p ro cess  i s  
more d i f f i c u l t  to  sim u la te  than  oxide conversion  by h e a tin g  (A itken  
1974* P 225) ,  bu t ru b b ish  p i t s  w ith  r io h  o rgan ic  f i l l  a re  o f te n  found , 
to  g ive s tro n g  m agnetic anom alies.
A m agnetic moment (o f  s tre n g th  p ro p o rtio n a l to  th e  s u s c e p t ib i l i ty )  i s  
induced p ro g re ss iv e ly  in  th e  s o i l  as th e  m agnetic moments r o ta te  o r 
r e a l ig n  p a r a l l e l  to  th e  ap p lied  f i e l d  d ire c t io n .  D e tec tio n  th e re fo re  
depends la rg e ly  on s u s c e p t ib i l i ty  c o n tra s t  between s o i l  la y e rs  o r  
f e a tu re s .  Any v a r ia t io n  in  th e  r e l a t iv e  depth  o f  la y e rs  o f  d i f f e r e n t  
s u s c e p t ib i l i ty ,  f o r  example th e  presence o f  a  s i l t e d  d i tc h  o r  p i t  cu t 
in to  th e  s u b so il ,  causes a  lo c a l  change in  m agnetic f i e l d  s tre n g th  
which i s  in  p r in c ip le  d e te c ta b le . C o n trast o f  t h i s  k ind  occurs 
g e n e ra lly  bu t th e  e f f e c t  i s  o f te n  much in c reased  on p a s t  occupation  
s i t e s  where bo th  burn ing  end decay ( in  re fu s e  p i t s  o r  middens) a re  
l ik e ly  to  have been co n cen tra ted . In  some cases s tro n g  m agnetic 
anom alies a re  d e te c te d  c lo se  to  a  se ttle m e n t, bu t th e  response d im inishes 
away from th e  s i t e  as th e  s u s c e p t ib i l i ty  f a l l s  o f f  to  i t s  n a tu ra l  
v a lu e .
Measurements o f  th e  f r a c t io n a l  conversion o f  iro n  ox ides in  s o i l  
samples have confirmed th e  freq u en t a s so c ia tio n  o f  archaeology and 
enhanced m agnetic s u s c e p t ib i l i ty .  The r a t i o  o f  th e  i n i t i a l  s u s c e p t ib i l i ty  
to  th e  value a f t e r  f u l l  conversion o f  th e  oxides to  m agnetite  by h e a tin g  
in  reducing  co n d itio n s  in d ic a te s , th e  p ro p o rtio n  o f  a v a i la b le  ox ides 
which a re  p re se n t in  converted  o r  m ag n e tica lly  enhanced form , and th e  
r a t i o  i s  u s u a lly  found to  be h ig h e r in  a rc h a eo lo g ica l samples than  other® 
(Tit© and M ullin s , 1971? Tit© 1972).
There i s  an a d d it io n a l  p rocess which c o n tr ib u te s  to  th e  observed 
magnetio anomaly o f  a  buxnt s tr u c tu r e .  Any "such fe a tu re  which su rv iv es  
in ta c t  w il l  in  a d d itio n  to  th e  induced f i e l d  r e t a in  a  s tro n g  and s ta b le  
thensorem anent m ag n etisa tio n  ( t r a ) .  Any i ro n  ox ides p re se n t a r e ,  as 
m entioned p re v io u s ly , l i a b le  to  be converted  on h e a tin g  to  h aem atite  
and th en  m ag n e tite . On co o lin g  from th e  C urie p o in t (675°C £©r  
h aem atite , 580°C fo r  m agnetite) a  f r a c t io n a l  excess o f  domains w i l l
* 1 .1  ■>- VjT^" N
Fig 1.2 Magnetic survey o f Romano-British k i ln  s i t e  a t  M ancetter, 
W arwickshire.
1:500 V ertica l sca le  40 gamma/cm
a l ig n  w ith  th e  ap p lied  f i e ld .  Each g ra in  has a  d i s t i n c t  b lock ing  
tem perature below which th e  d ire c t io n  o f  m agnetisa tion  rem ains f i r e d  
so th a t  th e  bu lk  m a te r ia l acquire® a  s ta b le  trm  o f  s tre n g th  p ro p o rtio n a l 
to  and in  th e  d ire c t io n  o f  th e  e x te rn a l f i e ld  (B a rb e tt i ,  1976), Trm 
i s  o f  ma^or s ig n if ic a n c e  in  rock  magnetism and a  d e ta i le d  trea tm en t 
i s  g iven  by S tacey and Baner^ee (1974) • Por a rch aeo lo g ica l survey ing  
purposes i t  i s  sim ply th e  cause o f  s tro n g  and w e ll-d e fin ed  anom alies 
which a re  u s u a lly  e a s i ly  recogn ized , as  in  th e  p lo t  from M ancetter 
( f i g  1 .2 ) where th e  k i ln  anom alies have a  s tre n g th  o f  1507 compared to  
10-407 f o r  o th e r  f e a tu re s .  H ea rth s ,th e  rem ains o f m etal working, e tc  a re  
l ik e ly  to  g ive  a  s im ila r ly  s tro n g  response .
I t  has been suggested  (eg  by Graham 1976, end M ullin s , 1974 ch 4) th a t
s u s c e p t ib i l i ty  read in g s  from d i f f e r e n t  s o i l  ty p es  and lo c a tio n s  should
be used as  a  guide to  th e  l ik e ly  success o f  a  m agnetic survey . I t  i s
our experience th a t  lo c a l  v a r ia t io n s  a re  s u f f ic ie n t  to  make g en era l
p re d ic tio n  hazardous and th a t  few s i t e s  a re  com pletely  un responsive .
R esu lts  depend more on Le Borgae c o n tra s t  (between to p s o il  and su b so il)
than  on th e  o v e ra l l  value and so a  range o f  samples from to p s o i l ,
su b so il sad f i l l  a re  needed, and they  a re  r a r e ly  a v a ila b le  from unexcavated
s i t e s .  Th© response from s i t e s  having any given value o f  to p s o il
s u s c e p t ib i l i ty  may vary  widely? D itches a t  Mucking, Essex (on g ra v e l)
o r  a t  Dean Bottom, Marlborough (ch a lk ; AM L aboratory  re p o r t  G28/77)
—6where th e  s u s c e p t ib i l i ty  was in  each case 14 x  10”  ema/gm* f a i l e d  to
* Quoted f ig u re s  a re  AC b ridge  read in g s  (S c o lla r  1968), They re p re s e n t 
approxim ately h a l f  th e  t o t a l  value o f  th e  s u s c e p t ib i l i ty  i f  th e  
long-term  v iscous component o f  th e  m agnetiza tion  i s  taken  in to  
account, bu t a re  u s e fu l f o r  com parative purposes. The t o t a l  
s u s c e p t ib i l i ty  may be measured u s in g , eg a  t r a n s la t io n  magnetometer 
(Gr&hem, 1976). Readings g iven  h ere  a re  in  emu where 1 emu/gpa ®
4 v .  10-3 S i/E g .
respond, “but a t  o th e r  s i t e s  w ith  th© same value  (Lake Perm, Vimbome,
AM Laboratory  re p o r t  G11/7 6; Happow&er, D orset, re p o r t  GI6/ 76) ,  on 
g rav e l end lim estone re s p e c tiv e ly  th e  r e s u l t s  were s a tis fa c to ry *
The to p s o il  s u s c e p t ib i l i ty  a t  Groundwell P ara  ( f i g  1 .1 ) was 29 r  10"^ 
enrt^gm, end th e  c o n tra s t  w ith  th e  ch a lk  su b so il ( le s s  than  5 s  lO "^) 
was very  s tro n g . By com parison, a t  R ag inn is, Cornwall, on g r a n i te ,  
th e  to p s o il  value was h ig h er (54 x  10“ ^ ) ,  bu t th e re  was on ly  a  very  
fragm entary  response to  d itc h e s  known to  e x is t  from cropsarks (see  
F ig  1 .3 ) .
I t  may be p o ss ib le  to  exclude a  few s i t e s  on th e  b a s is  o f  low 
s u s c e p t ib i l i ty  va lues (eg  Hasabledon H i l l ,  D orset, to p s o i l  read in g  le s s  
th an  5 £ 10"^ emii/gn^ was u n resp o n siv e), bu t w ith  no g re a t  confidence. 
Even on th e  weakest s i t e s  th e re  may be d e te c ta b le  th e ra o r  emanent o r 
o th e r  s tro n g ly  m agnetic f e a tu re s  (Saxon graves and swords were found 
a t  Pewsey, W iltsh ire  on a  s i t e  w ith  s o i l  c o n d itio n s  s im ila r  to  those  
o f  Eambledon; th e  p lo t  i s  reproduced in  C lark , 1975)* The b e s t  way 
to  ev a lu a te  a  s i t e  i s  u s u a lly  w ith  a  ra p id  magnetometer scan on a r r iv a l ;  
w ith  r e s i s t i v i t y  in  re se rv e  i t  i s  r a r e  th a t  a  survey f a i l s  to  produce 
a t  l e a s t  v a l id  n eg a tiv e  evidence.
Measurements o f  v a r ia t io n  in  s o i l  s u s c e p t ib i l i ty  ac ro ss  a  s i t e  may 
p rov ide  evidence o f th e  p resence o f  occupied a reas  where s tro n g  
enhancement i s  found, and t h i s  may be a  u se fu l p ro sp ec tin g  tech n iq u e , 
p a r t ic u la r ly  where fe a tu re s  a re  too  eroded to  g ive  m agnetic anom alies 
(C lark , 1977)* Th© read ings may be taken  u s in g  e i th e r  pu lsed  in d u c tio n  
m eter (FXM) o r  s o i l  co n d u c tiv ity  m eter (SCM) type e lec trom agnetic  
in s tru m en ts , which respond to  m agnetic v is c o s i ty  o r  s u s c e p t ib i l i ty  
re s p e c tiv e ly  (M ullins 1 9 7 4 )> 02? by c o l le c t in g  g ridded  s o i l  sam ples.
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Using th e  term inology o f  ScoXlar ( 1970a and b) a l l  th e  non-arehaeologic&X 
c o n tr ib u tio n s  to  th e  observed survey response may be reg ard ed  as  n o ise  
o f  one o f  two ty p es : There i s  u n c o rre la te d  n o ise  which v a r ie s  randomly
f o r  each read in g  and c o r re la te d  n o ise  which sy s te m a tic a lly  a f f e c ts  
more than  one read in g . Sources o f  u n c o rre la te d  n o ise  in c lu d e  th e  
fo llow ing :
( i )  Instrum ent n o ise  and s o i l  n o ise
These a re  d i f f i c u l t  to  d is t in g u is h  and to g e th e r  g i^e  an i r r e g u la r  
background to  th e  p lo t te d  t ra c e s  w ith  d isplacem ents o f  ( ty p ic a l ly )  
about I ± 27. Much o f  th e  in strum en t n o ise  can be damped w ith  a  s e r ie s  
r e s i s to r  in  th e  in p u t to  th e  c h a r t re c o rd e r , b u t any sudden j o l t  o r  
■knock to  th e  f lu x g a te  magnetometer w i l l  cause a  n o tic e a b le  d e f le c t io n . 
S o il  i r r e g u la r i t i e s  may cause r a th e r  la r g e r  randomly p laced  anom alies, 
and th ese  a re  w ell seen in  f i g  1 .4  (Moody* s Down long  harrow , H ants) 
which re p re se n ts  a  survey in  a  ploughed’ f i e l d  w ith  a ' r e l a t iv e ly  h igh  
n o ise  le v e l  o f  about ±  5y«
The s o i l  n o ise  s e ts  a  low er l im i t  to  th e  survey r e s o lu t io n .  To be 
recogn ised  in  th e  in te rp r e ta t io n  p i t s  must e i th e r  be la rg e  enough to  
a f f e c t  more than  one tra v e rs e  (more th an  1 m etre a c ro s s ) ,  o r  c o n ta in  
a  s u f f ic ie n t ly  m agnetic f i l l  to  g iv e  an anomaly s ig n i f ic a n t ly  g r e a te r  
th an  th e  n o ise  l e v e l .  The lower s iz e  l im i t  in  th i s  case i s  about % 
m etre . F ea tu res  o f  s tre n g th  o f  a  s im ila r  o rd e r  to  th e  n o ise  a re  on ly  
''recognisable through c o n tin u ity , and th i s  was th e  c r i t e r io n  used  to  
f i x  th e  s l ig h t ly  id e a l is e d  o u tl in e  o f  th e  long  barrow s id e  d itc h e s  
shown in  f i g  1.4*
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S o il n o ise  cau ses  most d i f f i c u l ty  in  in te rp r e ta t io n  f o r  r e l a t iv e ly  
weak s i t e s  (Moody*s Down i s  on c h a lk ) . For th© g re a t  m a jo rity  o f  s i t e s  
most o f  th e  s ig n i f ic a n t  anom alies a re  w ell above th e  no iee  le v e l .
In  r a re  extreme cases a  s tro n g ly  m agnetic to p s o il  (eg  Coupar Angus,
AM L aboratory  re p o r t  G5/75? to p s o i l  s u s c e p t ib i l i ty  21 x  10"^ esu /gm , 
s u b so il 25 ac 10"^ emu/gm) w il l  ceus® su rfa c e  n o ise  which i s  s e r io u s ly  
o b tru s iv e  even in  th e  presence o f  q u ite  s tro n g  anom alies •
( i i )  Recording Er ro r s'  '  €M«B<BBnwiOB>rvBitaMBBaMa«gteaw T 3ra:ja a n a a »
The lo c a t io n a l  accuracy o f  th e  survey depends on v a rio u s  sy stem atic  
and random fa c to rs  which in c lu d e ; p re c is io n  in  m easuring th e  s i t e  g r id  
to  f i e ld  boundaries o r  n a tio n a l g r id  (w© a re  r a r e ly  allow ed to  leav e  
th e  f i e ld  pegged ou t f o r  r e lo c a t io n ) ;  th e  magnetometer c a r r i e r  who 
must hold  th e  instrum ent in  th e  c o r re c t  p o s it io n  r e l a t iv e  to  th e  
p o ten tio m eter s t r in g  end fo llow  a  s t r a ig h t  l in e ;  ad justm ent o f  th e  
zero p o s it io n  o f  th e  c h a r t re co rd e r  pen, e tc .  E rro rs  a re  d i f f i c u l t  to  
e s tim ate  bu t th e  combined e f fe c t  i s  p robably  vrell w ith in  th e  J  m etre 
r e s o lu t io n  o f  th e  system (o r  1 m re s o lu t io n  o f  logged computer d a ta ) .
One e r ro r  o f  s im ila r  magnitude i s  v is ib le  in  th e  t r a c e s ;  a  (supposed) 
l in e a r  fe a tu re  i s  sometimes l a t e r a l l y  o f f s e t  in  a l te r n a te  t r a v e r s e s .  
This i s  probably  s  combined f a u l t  o f  tim e d e lay  in  th e  magnetometer 
and slugg ishness due to  overdamping in  th e  c h a r t  re c o rd e r  (o r  
p lay  in  th e  d r iv e ) .  The e f fe c t  i s  v i s ib le  i n  f i g  1 ,5  which shows th e  
i n i t i a l  tra c e s  nex t to  a  p a r t i a l l y  smoothed in te rp r e ta t io n .
Much la r g e r  l a t e r a l  e r ro r s  a re  l i a b le  to  be in tro d u ced  in to  computer 
d a ta  by f a i lu r e s  in  th e  logg ing  system . Each m issed read in g  causes 
a  p o ss ib le  e r ro r  o f  1 s ,  and only  an a r b i t r a r y  c o rre c tio n  i s  p o s s ib le  
(see  n o tes  on IEEFQT pro gramme, se c tio n  3 .2 ) .  The new f i e l d  re c o rd in g  
system (s e c tio n  1 .1 .2 , above) should improve m a tte rs .
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( i i i )  In te rfe re n c e
The most common caase o f  random sm all sc a le  In te rfe re n c e  i s  th e  presence 
. o f  s c a t te re d  n a ils*  horseshoes end o th e r  sm all iro n  ob jec ts*  One 
advantage o f  th e  f lu rg a te  p lo ts  compared w ith  co a rse ly  sampled d is c r e te  
d a ta  i s  th a t  most such o b je c ts  g ive  c h a r a c te r is t ic  ’i ro n  spikes® 
im m ediately reco g n isab le  by t h e i r  shape and by th e  p resence o f  a  
d i s t i n c t  n eg a tiv e  d e flec tio n *  Only ru s ty  o r  more deep ly  b u rie d  i ro n  
i s  l ik e ly  to  resem ble an i s o la te d  a rch aeo lo g ica l fea tu re*  In  © very  
bad case su rface  iro n  may obscure th e  archaeology bu t i t  need n o t be 
confused w ith  i t ;  see f i g  1.6* This survey a t  Eeawla, Girin ear*
Cornwall was on waste ground behind some houses, b u t th e  main o u tl in e s  
o f  an Iro n  Age enclosure  system a re  v is ib le  through th e  anom alies 
caused by o ld  prams and b u i ld e r ’s ru b b ish .
On c e r ta in  s o i l s ,  p a r t ic u la r ly  boulder c la y  and some g ra v e ls ,  e r r a t i c  
igneous rocks may cause anom alies no t u n lik e  iro n  sp ik e s . The rocks 
vary  in  s iz e  and depth  so th a t  some g ive d i s t i n c t  sp ik es  b u t o th e r  
anom alies a re  weaker and broader* This i s  a  form o f  s o i l  n o ise  which 
d i f f e r s  from th a t  mentioned in  ( i )  above in  being  th e  r e s u l t  o f  
v a r ia t io n  in  com position r a th e r  than  d is t r ib u t io n  o f  th e  s o i l .  In  
such co n d itio n s  th e  id e n t i f ic a t io n  ©f is o la te d  a rc h ae o lo g ic a l f e a tu re s  
i s  again  a  very  u n c e r ta in  process* F ig  17 (M ilf ie ld , Northumberland) 
shows © survey in  which a rch aeo lo g ica l anom alies a re  n o t c le a r ly  
d is tin g u ish a b le  from those  due to  igneous s to n es  in  th e  g ra v e l s u b s o il .
Some o f  th e  lo c a tio n  e r ro r s  l i s t e d  in  ( i i ) ,  above, a c t  a t  random b u t 
o th e rs  a f f e c t  complete tra v e rs e s  and so s a t i s f y  S c o l la r ’ s  c r i t e r i a  f o r  
c o r re la te d  n o ise . These e r ro rs  can on ly  be minimised by a cc u ra te  
fie ldw ork  (excep t th a t  a l te r n a te ly  o f f s e t  traverse©  may be smoothed), 
b u t th e re  a re  o th e r  sources o f c o r re la te d  n o ise  which a re  v i s ib le  i n  
th e  p lo ts  and which may be compensated f o r  through in te r p r e ta t io n  o r
j :500
Fig 1,7 M ilf ie ld , Northumberland.
Survey to  lo ca te  d itch es  o f po ssib le  Anglo-Saxon 
se ttlem en t. P lo t shows anomalies caused by small 
volcanic rocks d ispersed  in  gravel su b so il.
o r  o th e r  p o e t-su rv ey  tre a tm e n t. They ©res
a )  System atic Instrum ent E rro r
Two f a u l t s  may a f f e c t  th e  zero  s e t t in g  o f  th e  f lu rg a te  and cause 
lo c a t io n  e r ro rs  on th e  ch a rts  F i r s t  th e  ou tpu t f a l l s  o f f  and th e  
tra v e rs e s  a re  ccmpr©ss©& to g e th e r  as  th e  b a t te r ie s  run  f l a t ;  and 
secondly a l te r n a te  t ra v e rs e s  a re  d isp lace d  v e r t i c a l ly  to  g ive  wide and 
narrow gaps in  tu rn .  This second e f fe c t  occurs e i th e r  when th e  person  
c a rry in g  th e  magnetometer i s  m agnetic o r  when th e  f lu s g a te  d e te c to rs  
©re ou t o f  alignm ent. Each o f  th e se  problems i s  b e s t cured  i n  th e  
f i e l d  b u t can be co rre c te d  i f  n ecessary  by t ra c in g  t ra v e rs e s  o r  
anom alies oa to  a  c o r re c t ly  spaced g r id .
( i i )  Background changes an d g eo lo g y
These a re  o f  l i t t l e  s ig n if ic a n c e  in  g radiom eter su rveys. Any change 
in  f i e l d  s tre n g th  o r ig in a t in g  more than  a  few m etres from th e  
instrum ent a f f e c ts  bo th  d e te c to rs  s im ila r ly  ©nd i s  n o t reco rd ed .
This excludes a l l  v a r ia t io n s  in  th e  e a r th ’s f i e ld ;  d iu rn a l  changes, 
m icropu lea tions ©ad m agnetic storm s, and a lso  any e f f e c ts  from under­
ly in g  geology. O ccasionally  sm all geom orphological f e a tu re s  o f  a  
magnitude in te rm ed ia te  betwen s o i l  n o ise  and geology and d e te c te d .
Two p o ss ib le  cases a re  shown in  f i g  1 .8 . At Thorpe, Egham ( p lo t  ( i ) ) .  
There a re  broad u n d u la tin g  anom alies which a re  p la in ly  n o t a rc h a eo lo g ica l 
mid perhaps re p re se n t v a r ia t io n s  in  th e  depth  to  th e  g ra v e l; and a t  
Levington, Ipsw ich ( i i )  in  s im ila r  co n d itio n s  th e re  i s  a  s tran g e  
ap p a ren tly  c i r c u la r  f e a tu re .  The g en era l c h a ra c te r  o f  t h i s  i s  
©roh&eolegloal bu t i t  f a i l s  to  f i t  any l ik e ly  ca teg o ry . I t  i s  too  
i r r e g u la r  f o r  a  barrow d i tc h ,  too  la rg e  and i s o la te d  f o r  a  h u t c i r c l e ,  
too  em ail f o r  an en c lo su re , and i t  produced on ly  c le a n  sand when 
angered to  a  depth  o f  1 m. The evidence seems to  in d ic a te  t h a t  i t
( i ) Thorpe, Egham
----------■------ ----------------
—  - — - _
. _
( i i )  Levington, Ipswich
H g  1.8 Magnetic surveys on gravel showing anomalies o f  
p o ss ib le  geomorpho»#logical o r ig in .
1:400 Magnetic sca le  30 gamma/cm
the anomaly is particularly strong and distinct for & natural feature.
There i s  o ccasio n al hu t le s s  freq u en t response to  sm a ll-sc a le  n a tu ra l
fe a tu re s  on s o i l s  o th e r  than  g ra v e ls ; f o r  example, pockets o f  c la y -
w i th - f l in ts  may he d e tec te d  on chalk .
( i i i )  In te rfe re n c e
There i s  no d is t in c t io n  in  p r in c ip le  from th e  cases mentioned in  th e
prev ious s e c tio n , bu t I  use t h i s  term to  r e f e r  to  e f f e c ts  o f  a  d i f f e r e n t
v_
o rd er o f  magnitude from th e  archaeology. The main sources o f  i n t e r ­
fe ren ce  o f  a  c o r re la te d  kind  a re  b u ried  p ipes and igneous geology.
A sm all c a s t  iro n  p ipe w il l  g ive an anomaly o f  perhaps 1007, bu t a  
la rg e  one, fo r  example a  h igh  p ressu re  gas p ip e lin e , causes an anomaly 
o f  se v e ra l thousand gamma and d e f le c ts  read in g s  up to  20 m away to  
e i th e r  s id e .
Hot a l l  igneous geology in te r f e r e s  w ith  surveys and some g ra n i te  s i t e s  
have responded w e ll. G eo log ica lly  re c e n t v o lcan ic  rocks a re  however 
capable o f  producing m agnetic g ra d ie n ts  s teep  enough to  a f f e c t  th e  
read in g s . F ig  1.9 shows a  survey on a  headland above h igh  sh a le  
c l i f f s  cu t by v e r t ic a l  in tru s iv e  dykes, and was p lo t te d  in  th e  hope o f  
lo c a tin g  a  d i tc h  (en c lo sin g  M arisco C as tle  on Lundy Is la n d )  d e sp ite  
th e  very  s tro n g  g eo lo g ica l anom alies. There a re  some weaker d itc h ­
l ik e  fe a tu re s  to  th e  H o f th e  survey bu t th ey  a re  wrongly o r ie n ta te d  
to  be p a r t  o f  the  f o r t i f i c a t io n s  and probably  re p re se n t more deeply  
b u ried  igneous in tru s io n s .
The p r a c t ic a l  requirem ents fo r  ta survey p ro cessin g  system a re  determ ined 
la rg e ly  by th e  methods adopted bo th  to  compensate fo r  th e  sources o f  
e r ro r  l i s t e d  h e re , end to  e x tra c t  a rehaeo l og le  a l ly  s ig n if ic a n t  r e s u l t s .  
The methods used f o r  m agnetic and r e s i s t i v i t y  d a ta  and t h e i r  consequences 
f o r  th e  design  o f  a  p ro cess in g  system a re  c o n s id e rs !  in  s e c tio n  1 . 4 .
Pig 1 .9  Lundy Island.: magnetic survey showing anomalies
caused by igneous dykes.
She measurement o f  v a r ia t io n s  in  s o i l  r e s i s t i v i t y  m s  f i r s t  used  a s  
a  method o f  a rch aeo lo g ica l d e te c tio n  in  194& (A tkinson 1963)? and th e  
technique rem ains a  n ecessa ry  complement to  th e  magnetometer.
C urren t ecn&uotion through th e  s o i l  i s  by  e le c t r o ly s is  and th e  
r e s i s t i v i t y  measurements e f f e c t iv e ly  re p re se n t th e  w ate r c o n te n t. 
R e s is t iv i ty  i s  thus a  u se fu l method f o r  d e te c tin g  such fe a tu re s  as  w all 
fo o tin g s  and roads which r e ta in  l i t t l e  m oistu re  h u t a re  no t n e c e s s a r i ly  
m agnetic, and a ls o  f o r  d itc h e s  and p i t s  th a t  happen to  g ive  a  poor 
m agnetic c o n tr a s t ,  o r  in  c o n d itio n s  to o  d is tu rb e d  f o r  m agnetic 
survey ing . She n e c e s s ity  o f  in s e r t in g  probes f o r  each read in g  makes 
r e s i s t i v i t y  survey ing  much slow er th an  ma^ieti©  work and so i t  i s  
u s u a lly  re se rv ed  f o r  s p e c if ic  ta sk s  where m a^aotio su rvey ing  i s  
u n s u ita b le .
1 .2 .1  E qu im ent and  Technique
A fe a tu re  o f  most p r a c t ic a l  surveying  in strum en ts  i s  an AC c u rre n t 
source to  avo id  tim e dependent p o la r iz a t io n  e f fe c ts  a t  th e  e le c tro d e s .
Th© M artis-Cl& ^s m otor commonly used in  archaeology o p e ra te s  a t  a  
frequency o f  6? Hz. S e p a r a t e  p a ir s  o f  c u r re n t and p o te n t ia l  probes 
a re  u sed , a s  w ith  o th e r  instrum ent© , to  reduce co n ta c t r e s i s ta n c e  e f f e c t s  
T his i s  f u r th e r  minimised by ta k in g  read in g s  a t  a  n u l l  b a la n c e  p o in t 
ob ta in ed  by backing o f f  tho  ou tpu t o f  th e  p o te n t ia l  probas through  
a  tran sfo rm er a g a i n s t  a  p o ten tio m eter th rough  w h ic h 'th e  ground c u r re n t .
/p o t e n t ia l  -probe 
p a sse s . The ground^current i s  zero  when th e  read in g  i s  tak en .
Thsr© a rc  ..various s tan d ard  geophysical ccn figum tioaG  o f  c u r re n t (c) 
and p o te n t ia l  (? )  probes (see  eg T e lfo rd  e t  &1, 1976* PP 653-661).
Th© two'w hich a re  used  ro u tin e ly  in  archaeo logy  a re  th e  Werner 
c o n fig u ra tio n  (CPPQ), which g ives a  double pssk  because d e te c tio n  
occurs b e tw e e n  each curr©nt«»p©t©»ti&l p a i r ,  and th e  double d ip o le  
(COP?) which e f f e c t iv e ly  combine© th© two peaks in  th e  c e n tr e .  The
f o r  p r dbe o p sc irg  a  and r e s i s t i v i t y  p in  a  homogenous medium th e  
measured re s is ta n c e  R io  g iven  by R =* p/2ira  f o r  Wenner and 
E  «  p / 6  ira f o r  &&• A  u s e fu l compromise i s  th e re fo re  to  tak e  Vernier 
mid dd read ings a t  each p o s it io n  a lo n g  a  tra v e rs e  so th a t  th e  
p resence o f  a  s in g le  dd peak between a  double Wenner peak g iv es  a  
rep ea ted  check on th e  p resence o f an  anomaly, She probes a re  
connected to  a  ro ta ry  sw itch  on th e  m eter w ith  a  f i f t h  spare  p o s it io n  
in  th e  cyc le  eo th a t  each probe in  tu rn  can be moved a t  th e  same tim e 
a s  a  read in g  i s  taken  w ith  th e  o th e r  fo u r  to  save tim e, T his method 
i s  g e n e ra lly  used f o r  p re lim in a ry  in v e s t ig a t io n  by making lo n g  
t ra v e rs e s  a t  in te rv a ls  a c ro ss  a  s i t e .
F o r d e ta i le d  p lann ing  o f  an a re a  th e  tw in  e le c tro d e  c o n f ig u r a t io n  o f 
A sp ia a ll and Lyaam (1970) i s  p re fe r re d . The two ha lves o f  th e  Wenner
r
a re  e f f e c t iv e ly  sep ara ted  w ith  one CP p a i r  f i r e d  a t  a  d is ta n c e  
a t  l e a s t  JO tim es th e  probe spacing  from th e  o th e r . Readings taken  
w ith  th® second p a i r  re p re se n t lo c a l  fe a tu re s  w ith  on ly  a  n e g lig ib le  
c o n tr ib u tio n  from any subsurface v a r ia t io n  in  th e  ground between th e  
two p a i r s ,  The dep th  o f p e n e tra tio n  i s  r a th e r  g r e a te r  than  f o r  Wenner 
and dd a t  th e  same probe spac ing , The s e n s i t iv i ty  i s  a ls o  le s s  than  f o r  
Wenner, b u t u s u a lly  s u f f ic ie n t  in  p r a c t ic e .  The advantages a re  
r e l a t iv e  speed o f  working and s im p lic i ty  o f  in te r p r e ta t io n .  Each 
anomaly g ives a  s in g le  peak and read ings taken  on a  re g u la r  g r id  may 
be computed and d isp lay ed  a s  f o r  a  m agnetic su rvey . Readings a re  
u s u a lly  taken  a t  1m se p a ra tio n  to  g ive  re s o lu t io n  sim ila r-to  ...logged 
m agnetic d a ta . To cover a  g iven a re a  s t i l l  tak es  some s i r  tim es 
lo n g e r than  a  m agnetic survey and r e s i s t i v i t y  i s  used on a  co rresp o n d in g ly  
sm all s c a le . T h is m ight change i f  ev e r r e s i s t i v i t y  i s  su c c e s s fu lly  
m echanised.
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Fig 1.10 Lundy Islan d: P lot o f  r e s i s t iv i t y  traverses lo ca ted  on
plan o f  magnetic survey squares.
Vernier and doublo d ip o le  read ings from a  given tra v e rs e  a re  u s u a lly  
p lo t te d  ©a th e  earn© axes f o r  comparison and than  in te rp re te d  
q u a l i ta t iv e ly  in  a  s im ila r  ©saner to  m agnetic t r a c e s .  In  f i g  1.10 
a s c r ie s  o f  t ra v e rs e s  a re  superimposed on th© p lan  o f  th e  m agnetic 
squares shown in  f i g  1.9* The s o i l  was shallow  and stony  and th e  
r e s u l t s  a re  v ery  confused, h u t th e  only  p o ss ib le  c o n tin u a tio n  o f th e  
l in e  o f  th e  e x tan t ram part and d i tc h  appears to  be through th© 
anom alies a t  th© E o f t ra v e rs e s  V, VI and V II. I f  so th e  d i tc h  l i e s  
f u r th e r  to  th e  E than  expected and th© absence o f  any l i k e ly  d i tc h  
from th e  me^pxetic squares i s  confirm ed. T raverse X II was surveyed 
in  case th e  d i tc h  curved to  th e  SE b u t extreme h ig h  read ings from 
n e a r-su rfa c e  rocks obscure any response. Readings were taken  w ith  
probe spacing  1m, b u t w ith  a d d it io n a l  2® read in g s  a lo n g  tra v e rs e s  
V and VI. The depth  o f  p e n e tra tio n  i s  o f  th e  same o rd e r a s  th© 
prob© spacing , b u t any broad  o r  g en era l change in  r e s is ta n c e  w ith in  
th a t  depth  i s  recorded  (eg  tra v e rs e  X ) and i s  n o t reduced to  a  co n s tan t 
base le v e l  a s  m agnetic measurements would be i f  taken  w ith  a  
g rad icm eter.
There i s  an example o f  an  is o la te d  h igh  re s is ta n c e  fe a tu re  w ith  th© dd 
peak cen te red  between two Wenner peaks a t  2Ja in  tra v e rs e  V II. Her© 
i t  probably  re p re se n ts  a  rock o r  em ail outcrop  b u t th e  e f f e c t  i s  
u s e fu l f o r  id e n tify in g  w a lls  on le s s  d is tu rb e d  s i t e s .
The d i tc h , i f  i t  1ms been d e tec te d  a t  a l l ,  appears in  t h i s  survey  a s  
a  s e r ie s  o f h ig h  read ings o r  p o s it iv e  anom alies. This i s  n o t always 
th e  case and a  d i tc h  w ith  s i l t e d  f i l l  o f te n  g iv es  a  n eg a tiv e  anomaly. 
O ther d itc h e s , depending on f i l l ,  c o i l  co n d itio n s  and w eather, change 
sea so n a lly  from p o s it iv e  to  n eg a tiv e  (C la3± 1975) •
The Lundy r e s u l t s  show th e  e f f e c ts  o f  g e o lo g ic a l n o ise  in  an  extrem e 
c a se , b u t th e  c r i t e r i a  f o r  s e le c t in g  p o s s ib le  a rch a eo lo g ica l f e a tu re s
continuity between the traverses and the archaeological p la u sib ility  
o f the plan* Continuity i s  more evident in  c lo se ly  spaced data a n d  
so twin electrode readings on a regular grid  are taken wherever time 
allows* The numbers are w ritten down (but eould quite simply be 
logged), and i t  i s  here that there i s  no r e a lis tio  a ltern ative to  
computer display*
F ig 1*11 shows a f ir s t  example o f resu lts:
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i ♦4X4. .X4IX44X. .xxxxxxtx 44XXX44X I
♦ IXXX4. .X4XXXX.. . 4 .4X4X44XX4. .XXXX4.. 4
x 4X44X. .XXX4XXIX4. .. SXX4XXX4 XXX4X4. I
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..44.XX4X4XX.
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♦ .......... XXXXX. , 44444X 4
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Pig 1.11 Saltby, L e ice ster i R e s is t iv ity  survey o f  round barrow 
showing d itch  between concentric stone kerbs.
(Data supplied  by L e icester  museum.).
The conventional means of presentation o f  a computed survey i s  as a 
p lot in  which the density o f the d isp lay varies according to  the 
strength o f the reading* Either dot~density p lo ts ( f ig  2*1 ) f or (as 
here) symbol p lo ts in  which characters are overprinted on the term inal 
to  give the required density range may be used* These and other 
display techniques are discussed further in  seotion 2*7*2 below*
In th© survey shown here (8altby, L eicester) the mound o f the round 
barrow and the surrounding ditch both give negative anomalies (blank 
on plot)* The p o sitiv e  anomalies represent a stone kerb between the 
mound and d itch , and another outside the ditch* The excavation showed 
that the inner kerb was out by a robber trench a t the top centre o f  
the p lo t.
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I f  i t  i s  assumed th a t  c o n ta c t r e s is ta n c e  and p o la r iz a t io n  e f f e c ts  a re  
minimised in  th e  design  o f  th e  m eter, th e  fo llow ing  sources o f  
o p e ra tio n a l e r s o r  remains
( i )  S o il n o ise  and neology
These a re  l i s t e d  jo in t ly  because v a r ia t io n s  o f  any s p a t ia l  
e x te n t may occur from random changes in  s in g le  read in g s  to  
o v e ra ll  d r i f t  a c ro ss  th© complete survey* R e s is t iv i ty  r e s u l t s
a r e  l e s s  su b je c t to  in d iv id u a l w ild  values than  m agnetic d a ta , 
b u t a s  t h e  Lundy p lo ts  showed, extreme read ings a re  n o t  
im possib le in  d ry  c o n d itio n s .
( i i )  Experim ental accuracy
The main source o f  e r ro r  here ( i f  p o ss ib le  m eter read in g  and 
reco rd in g  e r ro r s  a r e  n eg lec ted ) i s  in  p o s itio n in g  th e  p ro b es. 
The read in g  v a r ie s  i n  d i r e c t  p ro p o rtio n  to  th e  probe spac ing  
and e r ro r s  o f  a  few cm a re  s ig n if ic a n t*  The e f f e c t  should  be 
random and re p re se n ts  an incress®  i n  g e n e r a l  background n o ise  
hot, d is tin g u ish a b le  from sm all e ca le  s o i l  n o ise ,
( i l l ) > -Changes in -b a se  le v e lv  9 mu**-——nnrijiii* i1
A part from a n y  o v e ra ll  g eo lo g ica l tre n d  th e re  nay b© a - s h i f t  
i n  tho  le v e l  o f  read ings i f  t h e r e - i s  " 'r a in  durin g  th e  course 
o f  a  survey , e s p e c ia lly  i f  th©  ground was p rev io u s ly  v ery  d ry . 
There i s  a ls o  a  change i f  th e  remote probes a re  moved p a r t  
way through a  tw in  e le c tro d e  survey*
: ( iv )  Ground c u rre n ts
These may cause m eter i n s t a b i l i t y  b u t th e  o p e ra tin g  frequency  
i s  chosen to  minimise: t h e i r  e f f e c t .
1*5 Other D etectio n  Methods •
A v a r ie ty  o f  geophysical methods which have been experim ented w ith  in  
archaeology sr© l i s t e d  by A itken (1974) ©nd Tit© (1972). Some have 
achieved  a  measure o f  success f o r  p a r t ic u la r  problem s, b u t o th e rs  a re  
u n su ita b le  because th e  s c a le  o f  th e  param eter measured i s  n o t 
a p p ro p ria te  to  a rch aeo lo ^ r (eg  g ra v ity ,  oeio /m icj - s o i l  r a d io a c t iv i ty  
m ethods), o r  o f f e r  no g en era l advantage over e s ta b lis h e d  tech n iq u es .
E lectrom agnetic  in stru m en ts  s u f f e r  from lim ite d  p e n e tra tio n  because
th© c a b in e d  a ttenuation  o f  tra n sm itte d  and re tu rn  s ig n a l means th a t
■>■6 „ ss e n s i t i v i t y  f a l l s  o f f  a s  (d ep th )"  , compared w ith  (d e p th )"7 f o r  an
(a b so lu te )  magnetometer. F or a  low frequency in strum ent (eg  th e  SCM
a t  4 HEs) response v a r ie s  w ith  th e  induced m agnetic moment in  phase
w ith  th© tr a n s m it te r  v o lta g e , bu t a t  h i ^ i  freq u en c ies  ( g re a te r  than
100 KHZ) th e  out o f  phase eddy c u rre n t response dominates and p rov ides
a  measure o f r e s i s t i v i t y  (Tit© 1972, p36). Commercial in stru m en ts  o f t h i s
k in d  a re  a v a i la b le ,  and r e s u l t s  have a ls o  been ob ta ined  u s in g  long
wave ra d io  s ta t io n s  a® th© source o f  th e  tra n sm itte d  s ig n a l
(Tabbagh, 1972). Any re le a s e  from r e s i s t i v i t y  probe pushing  would be
welcome, b u t w hether th e se  a l te r n a t iv e s  o f f e r  eq u iv a len t r e s o lu t io n
o r  p e n e tra tio n  i s  u n c e r ta in .
The in -phase  m agnetic response o f th e  SCM i s  p ro p o rtio n a l to  m agnetic 
s u s c e p t ib i l i ty  which may in d ic a te  th e  presence o f  occupation  s i t e s  
(as  mentioned in  se c tio n  1 *1 3 ©bove)*, and th© instrum en t i s  a ls o  
capable o f  lo c a t in g  v a r ia t io n s  in  to p s o i l  th ick n ess  and th e  p resence 
o f  p i t s  e tc  to  a  depth  o f  about % m etre . Chemical t e s t s  o f  ©oil 
phosphate co n cen tra tio n  (Sebwars 19&?) ©ra a ls o  u s e fu l i n  p ro sp ec tin g , 
e s p e c ia l ly  in  con junction  w ith  s u s c e p t ib i l i ty  measurements. Comparative 
r e s u l t s  from th© two methods may b© o f  g r e a te r  value in  lo c a t in g  
occupied a re a s  than  e i th e r  used independen tly  (C lark  1977)*
An a l te r n a t iv e  to  r e s i s t i v i t y  d e te c tio n  i s  th e  induced p o la r is a t io n  
system o f  Aspin&ll and Lynasa (1970). This may g ive improved response 
to  some fe a tu re s  b u t would b© no le s s  lab o rio u s  to  u se .
A ll o f  th e s e ' techniques have in  cosmos th a t  th ey  r e ly  on th e  
id e n t i f ic a t io n  o f lo c a l  v a r ia t io n s  in  s p a t i a l ly  d is t r ib u te d  re a d in g s . * 
Hone o f them (excep t f o r  experim ents in  s u s c e p t ib i l i ty  and phosphate 
sam pling) a re  used  in  ro u tin e  work a t  th e  AH L aboratory , b u t i f  
necessa ry  th ey  could  be used and processed  in  an id e n t ic a l  manner to  
m agnetic and r e s i s t i v i t y  d a ta .
Ther© i s  an o th e r ca teg o ry  o f  technique in  which m u ltip le  r e f le c t io n s  
a re  recorded  a t  each p o s it io n  and which could b@ used f o r  sounding in  
depth  r a th e r  than  f o r  tw o-dim ensional p lan n in g . Ground p e n e tra tin g  
ra d a r  (Bev&n end Kenyon, 1976)> and a  re c e n t a c o u s tic  dev ice which 
uses  a  computer to  re c o n s tru c t c ro ss  s e c tio n s  a t  d i f f e r e n t  depth® 
from an a ssay  o f  r e f le c te d  waveforms (Ozawa and M atsuda, 1979) sr© o f  
t h i s  ty p e . They may hav© a p p lic a tio n s  f o r  s p e c ia l is e d  s tu d ie s  b u t 
n o t f o r  th© ©xiensiv© surveys which a re  th e  su b je c t o f  t h i s  p r o je c t .
1 .4  Survey P rocessing
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1.4 .1  Geophysical I n te rp re ta t io n  Methods
I t  ha® a lread y  been s ta te d  th a t  th e  in te rp r e ta t io n  o f a rch aeo lo g ica l 
surveys in  a  ta sk  e s s e n t ia l ly  d i f f e r e n t  from th a t  o f  re c o n s tru c tin g  
g eo lo g io a l fe a tu re s  in  th re e  dim ensions, as  may be done in  
la rg e -s c a le  geophysical p ro sp ec tin g . The s im p lify in g  assum ptions 
th a t  a re  req u ire d  in  c a lc u la tin g  such r e s u l t s  a re  r a r e ly  ap p lic a b le  in  
archaeology where fe a tu re s  may be assumed to  l i e  c lo se  to  th e  su rface  
bu t a re  much more v a ried  and i r r e g u la r  in  form, and where f a r  more 
d e ta i le d  in te rp r e ta t io n  i s  re q u ire d .
The s tandard  geophysical techn iques f o r  m agnetic surveys d esc rib ed  in  
T e lfo rd  e t  a l  (1976) a re  much concerned w ith  c o rre c tio n  fo r  la rg e  
sc a le  t e r r a in  e f f e c ts .  These a re  a  minor problem in  archaeology where 
th e  v a r ia t io n s  over th e  sm all a reas  covered a re  u s u a lly  s l i g h t .  There 
i s  th e re fo re  no need fo r  such techniques as a n a ly t ic a l  c o n tin u a tio n  
in  which anom alies a re  p ro je c ted  from an i r r e g u la r  su rface  on to  an 
a r b i t r a r y  p lane (T e lfo rd  p 147-150)* r
The most commonly ap p lied  method o f  c o n s tru c tin g  a  g e o lo g ic a l i n t e r ­
p r e ta t io n  from m agnetic d a ta  i s  to  match th e  observed anom alies w ith  
th o se  c a lc u la te d  f o r  v ario u s  id e a liz e d  geom etrica l form s. The shapes 
used  in  c a lc u la tio n s  in c lu d e  tw o-dim ensional bodies ( i e  prism s o f  
i n f i n i t e  le n g th ) , p lanes and s te p s . They a re  v a r io u s ly  s im u la ted  by 
l in e s  o f  d ip o le s  o r  s in g le  p o le s , o r  r e s u l t s  a re  deriv ed  by summation 
o f  elem ents.
This approach has found some use in  archaeology and L innington (1972) 
has pub lished  a  len g th y  d e sc r ip tio n  o f th e  method w ith  r e s u l t s  f o r  
th e  c a lc u la te d  anom alies f o r  v arious b o d ies . He compares h is  r e s u l t s  
f o r  a  t r ia n g u la r  d i tc h  w ith  those  from a  s im u la tio n  programme d esc rib ed
by Scoll& r (1969) and w ith  th e  model s tu d ie s  o f A itken and A lld red  
(1964)» f in d in g  reasonab le  agreem ent.
U sually  fo r  d e ta i le d  c a lc u la tio n  more in fo rm ation  i s  req u ire d  about 
th e  d e tec ted  anom alies th an  i e  a v a ila b le  in  a  m agnetic survey? fo r  
example th e  s u s c e p t ib i l i ty  ©ad depth o f  th e  fe a tu re s  and th e  r e l a t iv e  
c o n tr ib u tio n s  o f  induced and remanent m agnetiza tion . Such c a lc u la tio n s  
a re  a  necessary  a id  to  understand ing  th e  source and n a tu re  o f  anom alies, 
b u t a re  no t d i r e c t ly  u se fu l in  ro u tin e  survey in te rp r e ta t io n .
In  p ra c t ic e  s a t i s f a c to r y  r e s u l t s  ©re o b ta ined  through q u a l i ta t iv e  
in te rp r e ta t io n  based on th e  p lan , d is t r ib u t io n  end s tre n g th  o f  th e  
anom alies •
The p h y sica l n a tu re  o f th e  m agnetic response i s  s u f f ic ie n t ly  taken  
account o f in  th e  ru le s  given by A itken (.1974)*
(1 ) The maximum anomaly i s  d isp lace d  sou th  o f th e  source by a  
d is tan ce  approxim ately % th e  depth  o f  th e  f e a tu re .
(2 ) The depth  o r w idth o f  th e  fe a tu re  (whichever i s  g re a te r )  
equals th e  w idth a t  h a l f  th e  maximum v a lu e .
( 5) The re v e rse  anomaly i s  1006 o f  th e  maximum anomaly and l i e s  
n o r th  o f  th e  fe a tu re  a t  a  d is ta n c e  equal to  th© dep th .
The observed anomaly i s  th e  v e c to r  sum o f  th e  earth® s f i e l d  a t  th a t  
p o in t w ith  th e  f i e l d  due to  th e  f e a tu re .  The d isplacem ent to  th e  so u th  
and th e  re v e rse  anomaly th e re fo re  depend on th e  angle o f  d ip  and v ary  
w ith  l a t i tu d e .
In  p lo t t in g  th e  anom alies th e  d is to r t io n s  caused by (2 ) and ( 3 ) 
be co rrec te d  by a p p ro p ria te  choice o f  th e  range o f  v a lu es  to  be 
in c lu d ed , and i f  n ecessary  a  s l ig h t  s h i f t  in  th e  o r ig in  o f  th e  p lo t
w il l  c o rre c t f o r  (1 ) .  For many shallow  fe a tu re s  th e  displacem ent 
may be d isreg ard ed  and t r e a te d  as n e g lig ib le  in  comparison w ith  o th e r  
survey ing  and reco rd in g  e r ro r s .  The anom alies may then  be read  as  a  
d i r e c t  re p re s e n ta tio n  o f  th e  p lan  o f  th e  fe a tu re s  causing  them.
S im ila r  co n s id e ra tio n s  apply  to  r e s i s t i v i t y  surveys. In  la rg e  sc a le  
geophysics r e s i s t i v i t y  i s  o f te n  used f o r  in v e s t ig a t io n  in  depth  a t  a  s in g le  
p o in t and much o f  th e  in te rp r e ta t io n  th eo ry  r e la te s  to  t h i s .  In  
archaeology th e  s p a t ia l  v a r ia t io n  o f  th e  read ings i s  alm ost always the  
main concern and, except f o r  th e  double peaks o f  th e  Wenner a r ra y , 
t h i s  i s  d i r e c t ly  apparen t in  a  p lo t  o f  th e  d a ta .
1.4*2 P re se n ta tio n  o f  Survey R esu lts
Any ev a lu a tio n  o f  th e  f in a l  a rch aeo lo g ica l s ig n if ic a n c e  o f  a  survey 
must u su a lly  be based upon n o t only  th e  measured read in g s  bu t a lso  
th e  n a tu re  end co n tex t o f  th e  s i t e  and i t s  known o r p o s s ib le  a rch aeo lo g ica l 
c h a ra c te r . At some s tag e  o f  th e  o v e ra ll  p rocess a  d is t in c t io n  must 
th e re fo re  be drawn between th e  p re se n ta tio n  o f  th e  measured d a ta  and 
th e  d eriv ed  in te rp r e ta t io n .  Geophysical surveying  i s  an ex ten sio n  to  
th e  techniques o f  f i e ld  archaeology and o f te n  th e  problems which a re  
p resen ted  to  th e  Geophysics S ectio n  can only  be answered by proposing  
an a rch aeo lo g ica l h y p o th esis . This may sometimes be te s te d  by excava­
t io n ,  bu t in  o th e r  cases (where to  draw th e  boundary to  th e  scheduled 
a rea? ) a c tio n  must bo taken  w ithout any p o s s ib i l i ty  o f  f u r th e r  
v e r i f i c a t io n .  To p reserv e  th e  d is t in c t io n  between d a ta  end h y p o th esis  
d i r e c t  p re se n ta tio n s  o f  r e s u l t s  a re ,  where a p p ro p ria te , inc lu d ed  
a longside  in te rp re te d  p lans in  th e  r e p o r ts .
The o b je c t in  p rep arin g  th e  d a ta , w hether by computer methods o r  n o t,  
i s  th e re fo re  to  produce a  c le a r  end comprehensive d isp la y  f o r  i n t e r ­
p r e ta t io n .  I t  i s  n o t necessary  to  e x tr a c t  th e  a rch ae o lo g ica l fe a tu re s
response p r io r  to  in te rp r e ta t io n ,  although i t  may be u s e fu l to  do so, 
by computing o r  o therw ise , in  a  f in a l  pub lished  p lan . This approach 
d i f f e r s  fro® th a t  ev iden t in  cose o f  th e  pub lished  work o f  S c o lla r  
(eg  1970a and b ) ,  where so f a r  as p o ss ib le  a rch aeo lo g ica l 
c h a r a c te r is t ic s  a re  com prehensively p red efin ed  and th e  f e a tu re s  then  
e x tra c te d  au to m a tica lly .
The emphasis on d isp la y  in  survey p ro cess in g  fo llow s from th e  use o f 
analogue p lo ts  as th e  p r in c ip a l  medium o f reco rd in g  and in te rp r e t in g  
AH Laboratory  m agnetic su rveys. These p lo ts  allow  d e ta i le d  in te rp r e ta ­
t io n  o f  is o la te d  o r  continuous f e a tu re s ,  and re c o g n itio n  o f  continuous 
fe a tu re s  a g a in s t a  n o isy  background. The ta s k  perhaps compares in  
some re sp e c ts  w ith  th a t  o f  in te rp r e t in g  a e r i a l  photographs? experience 
in  recogn iz ing  f a in t  o r  d if fu s e  fe a tu re s  i s  re q u ired  in  e i th e r  case . 
E rro rs  may be allow ed f o r  o r  co rre c te d , f o r  example by ig n o rin g  iro n  
sp ikes o r  d o ub tfu l g eo lo g ica l f e a tu re s ,  smoothing s tag g ered  t ra c e s  
e tc .  The d i f f i c u l t i e s  a ro  f i r s t  th a t  th e  method i s  in f le x ib le ,  th e  seal© 
and s e n s i t iv i ty  o f  th e  p lo t  must be p re se t during  fie ldw ork  and cannot 
then  be m odified w ithout re -su rv ey in g  th e  s i t e .  Secondly and more 
im p o rtan tly , p roduction  o f  a  p u b lish ab le  p lan  from th e  in i t ia l  s e c tio n s  
o f  f i e ld  c h a r t invo lves a  long sequence o f  lab o rio u s  o p e ra tio n s .
F i r s t  th e  tra c e s  a re  glued in  p lace  on a  s c a le  g r id  on a  l i g h t  ta b le  
w ith  c o rre c tio n  i f  necessary  f o r  in c o r re c t  tra v e rs e  spacing . A ll 
blem ishes in  th e  l in e s  a re  w hited ou t and th e  s e c tio n  photocopied.
The copies a re  assembled in to  a  complete p lan  o f  th e  survey and m argins 
and g r id  p o in ts  redrawn. This p lan  i s  se n t f o r  photographic re d u c tio n  
to  a  manageable s iz e  f o r  f in a l  copying (u su a lly  to  1:500 from 1:200) 
and meanwhile an in te rp r e ta t io n  i s  worked ou t on th e  i n i t i a l  c h a r ts .
This i s  e i th e r  redrawn on th e  f in a l  reduced p lo t  o r  made th e  b a s is  o f  
a  sep a ra te  p la n . A redrawn p lan  (eg  f i g  1 .12 (11 )) i s  n o t a  s u b s t i tu te
p i j j l  i l i j
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fo r  th© tra c e s  ( f i g  1 .1 2 ( i) )  because much d e ta i le d  evidence i s  l e s t .
I t  was fo r  example p o ss ib le  to  deduce th e  sequence o f  c o n s tru c tio n  o f  
th e  trackway ( p a r a l le l  d itc h e s )  and enclosure  by c lo se  exam ination o f  
th© tra c e s  a t  th e  in te r s e c t io n .  In  o th e r  cases an a re a  o f  in c reased  
s o i l  n o ise  in  th e  c h a r t may in d ic a te  th e  p resence o f  occupation , and 
t h i s  would be l o s t  in  any le s s  d e ta i le d  d isp la y ,
The survey c h a r ts  th e re fo re  have v ir tu e s  o f  d e ta i l  and re s o lu t io n  which 
should be p reserved  in  any computer based p ro cess in g  system ,
1 ,4 ,3  Comput in g  Requirements
Th© p ro cessin g  methods d escrib ed  so f a r  a llow  a rch aeo lo g ica l in fo rm atio n  
to  be e x tra c te d  w ith  reasonab le  thoroughness, bu t s low ly . The tim e 
taken  by c h a r t p re p a ra tio n  i s  d isp ro p o rtio n a te  to  th a t  re q u ire d  fo r  
working ou t th e  in te rp r e ta t io n  o r  d ra f t in g  th e  r e p o r t .  The a v a ila b le  
tim e between surveys i s  very  l im ite d  and so i t  i s  d i f f i c u l t  to  m ain ta in  
th e  survey programme req u ired  w ithout a  la rg e  and enduring backlog o f  
r e p o r ts .
The most s u b s ta n t ia l  b e n e f i ts  o f  computing th e re fo re  fo llo w  sim ply 
from i t s  use  as a  d r a f t in g  method to  speed up th e  p re p a ra tio n  o f  p lo ts  
f o r  l a t e r  in te rp r e ta t io n .  For r e s i s t i v i t y  d a ta  s im ila r  c o n s id e ra tio n s  
apply  even more s tro n g ly  because no i n i t i a l  f i e ld  p lo t  i s  a v a i la b le .
This may be th e  prim ary aim, b u t a  computer i s  f a r  more than  a  d r a f t in g  
to o l  and once f a c i l i t i e s  a re  a v a ila b le  th e re  i s  every  reaso n  to  p ro cess  
th e  d a ta  f u r th e r  to  t r y  to  e lim in a te  as much a s  p o ss ib le  o f  th e  manual 
work. The aim as s ta te d  i s  no t n e c e s s a r i ly  to  i s o la t e  a l l  th e  
archaeology, a lthough th i s  may o cca s io n a lly  be achieved , bu t r a th e r  
to  a r r iv e  a t  an in te rp r e ta t io n  re p re se n tin g  a  sy n th e s is  o f  th e  
a v a ila b le  evidence. To th i s  end th e  use o f  computer tech n iq u es  to
c la r i f y ,  enhance o r  e x tr a c t  p a r t ic u la r  types o f f e a tu re ,  and th e  
comparison o f  r e s u l t s  from se v e ra l such procedures may a l l  be 
re le v a n t .
Chapter 2
— mi hi*  iiinmrw ttm m  n npinygj
Imago P ro cessin g  « Theory and A p p lica tio n
2.1 In tro d u c tio n
In  a  comprehensive survey d isp la y  eye tern f a c i l i t i e s  ar® re q u ire d  to  
m anipulate and d isp la y  esy  s ta te d  c la s s  o f  f e a tu re  o r  s e c tio n  o f  th® 
survey , and th e se  o p era tio n s  may he perform ed u s in g  th e  techn iques o f 
d i g i t a l  te g ©  p ro cess in g .
The survey read in g s  may b© regarded  a s  th© element© o f  a  d ig i t iz e d  
images they  a re  s c a la r  q u a n t i t ie s  which vary  as a  fu n c tio n  o f  p o s it io n  
and a rc  s ig n i f ic a n t  in  term s o f  t h e i r  s p a t ia l  v a r ia t io n  and t h e i r  
r e l a t iv e  r a th e r  than  ab so lu te  v a lu e s . The fe a tu re s  to  be sought o r
enhanced may b® s p e c if ie d  in  term s o f  t h e i r  s p a t ia l  e x ten t o r  num erical
m agnitude. The f in a l  in te rp r e ta t io n  o f  th© d isp la y  i s  q u a l i ta t iv e  and
1& to  be judged by v is u a l  c r i t e r i a .
Th© n a tu re  o f  th e  in te rp r e ta t io n  p rocess  d i f f e r s  e s s e n t ia l ly  from th a t  
in  g eo lo g ica l p ro sp ec tin g  where q u a n t i ta t iv e  ^ d im en sio n a l r e s u l t s  eay  
be re q u ire d . There a re  however techn iques used g e n e ra lly  i n  geophysics 
in  cession w ith  image p ro cess in g , n o tab ly  those  used to  e x t r a c t  re g io n a l 
tre n d s  o r  re s id u a l  f e a tu re s  f t e a  griddod d a ta , and i t  i s  her© th a t
j
methods most d i r e c t ly  a p p lic a b le  to  a rch aeo lo g ica l surveys a re  found.
A d i s t i n c t  body o f  image p ro cess in g  th eo ry  and techn iques has developed 
r e c e n tly  ©o demands (© sp ecia lly  in  space cad m edical im aging) and 
computing c a p a b i l i t ie s  have converged. Techniques e x is t  to  c o n tro l 
th e  c o n tra s t  o r  s ig n a l to  n o ise  r a t i o ,  to  r e s to r e  o r  r e c o n s tru c t  
degraded o r  b lu rre d  images, m  w ell as to  modify v a r io u s ly  d e fin ed  
fe a tu re s  w ith in  th e  image. The methods in  p a r t  have a  form al b a s is
la rg e ly  d eriv ed  by extending  tb© l in e a r  systems th eo ry  used f o r  
1-d im ensional tim e-vary ing  s ig n a l a n a ly s is  in to  two dim ensions, and 
a re  p a r t ly  ad hoc em pirica l procedures ap p lic a b le  to  p a r t ic u la r  ta s k s .
The su b je c t has been reviewed by Bant (1975) a  s e r ie s  o f  l i t e r a t u r e  
surveys p u b lish ed  by B osenfeld  (eg  1975), Texts in c lu d e  tre a tm en ts  
by Andrew® (1970) and Gonzalez and Wintz (1977)* The methods cad 
l i t e r a t u r e  o f  image p ro cess in g  e re  d i s t i n c t  from those  o f  computer 
g rap h ic s , in  which th© image i s  f i r s t  genera ted  by th e  computer, and 
from p a t te rn  re c o g n itio n , a lthough t h i s  su b je c t i s  c lo se ly  r e la te d .  
P a tte rn  re c o g n itio n  methods have been ap p lied  to  th© p re d ic tio n  o f  
uranium d ep o s its  from p ro sp ec tin g  d a ta  (B riggs end P ro se , 1977), bu t 
would no t be r c s o te ly  j u s t i f i e d  f o r  th© sm all volumes o f  d a ta  a v a ila b le  
in  archaeology.
The fundamental o p e ra tio n  in  image a n a ly s is  o r  enhancement i s  th© 
sep a ra tio n  o f  s p a t ia l  frequency components through f i l t e r i n g .  T his may 
be don© in d i r e c t ly  on th e  i n i t i a l  d a ta  by convolu tion  w ith  a rra y s  o f  
f i l t e r  c o e f f ic ie n ts  having th© req u ired  t r a n s f e r  c h a r a c te r is t i c s ,  o r  
d i r e c t ly  by m u lt ip l ic a tio n  o f  components o f  th© frequency spectrum  
ob ta ined  by ta k in g  th®. F o u rie r  transfo rm  o f  th® d a ta .
In  p ra c t ic e  f i l t e r i n g  i s  on ly  one o f  a  s e r ie s  o f  num erical o p e ra tio n s  
re q u ire d  to  p repare  and d isp la y  th© d a ta . The o p e ra tio n s  a re  d esc rib ed  
below in  sequence (excep t th a t  sam pling, which occurs du ring  f i e l d  
d a ta  c o l le c t io n , io  d iscu ssed  a f t e r  f i l t e r i n g ) .  Examples o f  r e s u l t s  
from th© two ee te  o f  programs c u r re n tly  o p e ra tio n a l ©re g iven  where 
a p p ro p ria te , and m odified o r  extended f a c i l i t i e s  to  b© in co rp o ra ted  in  
th e  forthcom ing p roduction  system e re  no ted . The o v e ra ll  clooign and 
o p e ra tio n  ©f each s e t  o f  p ro g ram  i s  d iscu ssed  in  ch ap te r 5*
2 .2  F i l t e r in g
A d i g i t a l  (o r  o p t ic a l )  imaging system ©ay be assumed to  behave as  a  
l in e a r  system , so th a t  th e  t o t a l  response i s  equal to  a  l in e a r  combine- 
t io n  o f  ©ore elem entary response© (Andrews 1970, Goodman 19&8), snd a  
su p e rp o s itio n  p ro p e rty  a p p lie s . This mean© th a t  th e  response  to  a  
g iven in p u t may be found by decomposing th e  in p u t in to  a  number o f 
elem entary in p u ts ,  c a lc u la t in g  th e  response to  each, and superim posing 
th e  responses to  g ive  th e  t o t a l  o u tp u t.
One p o ss ib le  decom position o f  th e  in p u t i s  to  express i t  a® a  sub o f
r+ oo
d isp lace d  Bir&e d e l ta  fu n c tio n s  ( i e ,  /  £(x, y) d rd y « 1 ; S (r ,y )  = 0 f o r  x ,y /0 )<%J — ®o
Th© d e l ta  fu n c tio n  has th e  fundam ental p ro p e rty  th a t  s
0O
f  (z , y ) « / 7  f  (p , q) 5 ( s -p ,  y -q ) dpdq ( t )
—  CO
( f o r  continuous f )  
end t h i s  p rov ides th® decom position d i r e c t ly  a® a  l in e a r  com bination 
o f  d isp laced  end w eighted d e l ta  fu n c tio n s .
The system may b© regarded  as a  mapping o f  a  s e t  o f  in p u t fu n c tio n s  
in to  a  s e t  o f  ou tpu t fu n c tio n s  and re p re se n ted  by an o p e ra to r  S, eo 
th a t  f o r  in p u t f  and ou tpu t g ,
B (x ,  y ) -  s | f  (x,  y ) |  (2 )
S u b s ti tu tin g  f o r  f  from equation  ( l )  then  gives?
co
e (x,  y) -  s{Jj f (p » q )  s ( * - P t  y-<i) ^pdal ( ? )
  DO
I f  th© fu n c tio n  f  (p , q) i s  regarded  sim ply as a  w eighting  f a c to r  th© 
su p e rp o s itio n  p ro p erty  o f  a  l in e a r  system ©ay be ap p lied  to  give?
CO
S  (*> y ) * J f  f  (p . q) S |  j  ( s -p ,  y -q ) |  dpdq (4 )
/  ' — o o  V
where S i 5 ( r - p ,  y -q ) t i s  c a l le d  th e  im pulse response o r  p o in t spread  
fu n c tio n  o f  th e  system . This may be r e w r i t te n  as  a  f u n c t io n  h o f  th e  
p o s it io n  v a r ia b le s  j
io ,  h ( s ,  y$ p , q) S |  8 ( r - p ,  y -q ) j  ( 5 )
In  th e  case o f  a  sp a c e -in v a r ia n t imago system th e  ou tpu t image moves 
bu t i s  n o t o therw ise m odified as an in p u t p o in t source changes p o s it io n . 
This Beane th© im pulse response o f  th® system i s  a  fu n c tio n  o f  x -p , y -q  
on ly . T herefo re ,
h ( x ,  y ;  p ,  q )  «  h ( s - p ,  y - q ) ,  ( 6 )
and th© su p e rp o s itio n  in te g ra l  ( 4 ) becomes ;
e (s , y )  - Jj  t (p , q) h (x -p , y -q ) dpaq, (? )
—  oO
which i s  a  2-dim ensional convolu tion  o f  th© o b je c t fu n c tio n  w ith  th© 
im pulse response o f  th e  system , and may be w r itte n ;
e (*. y) » f  (x ,  y) * h (*. y).
Convolution i s  ccssu t& tiv e , th e re fo re :
g  ( 2 ,  y )  ® h  (2, y )  *  f  ( 2 ,  y )  ( 9 )
and eqn (? )  ®ay be rea rran g ed :
00
g ( * *  y) -  f f  h (p . q) f  ( x - p ,  y -q ) dpdq (10 )
 CO
For th e  p r a c t ic a l  ease  in  which th e  in p u t fu n c tio n  i s  re p re se n ted  by 
re g u la r ly  spaced d is c r e te  read in g s  th© in te g ra l  i s  rep laced  by m su s :
M - l  N - l
g  ( s ,  y ) « 22 22 h  (m* n ) f  (x~mp y-“a )- ( 11)
m=0 n=0
The im pulse response fu n c tio n  i s  here  re p re se n te d  by a  m a trix  o f  
c o e f f ic ie n ts  h  (m, a ) ,  (eg  Ztirflueh 19^7? Gonzales tmd ¥ in t s  1977)*
A survey p lo t  co n ta in s  f e a tu re s  o f  vary in g  l a t e r a l  e x te n t,  o r  s p a t i a l  
w avelength. The wavelength c h a r a c te r is t ic s  may b@ m odified  by d i g i t a l  
convolu tion  u s in g  equation  (11) to  give' a  s e t  o f  ou tpu t d a ta  c o n ta in in g
those  wavelength from th e  in p u t d a ta  which f a l l  w ith in  & range s p e c if ie d
b y  th© im pulse response fu n c tio n , ( o r  p o in t-sp re a d  fu n c tio n )  re p re se n te d  
b y  th® a r r a y  o f  f i l t e r  c o e f f ic ie n ts  h (m, n)„ This i s  th e  p ro cess  o f 
s p a t ia l  ©r convolu tion  f i l t e r i n g .
Thor© i s  no sim ple o r  d i r e c t  method o f  g e n e ra tin g  a  c o e f f ic ie n t  a r ra y  
which correspond© to  any g iven  im pulse response , and so in  p r a c t ic e  
th e  fu n c tio n  must e i th e r  be approximated o r  d eriv ed  in d i r e c t ly .
The in d ir e c t  d e r iv a tio n  makes use  o f  th e  a l te r n a t iv e  decom position o f  
th e  in p u t fu n c tio n  (o r  d a ta )  in to  elem entary p e rio d ic  fu n c tio n s  which 
i s  provided by th e  F o u rie r  tra n s fo rm
For any a r b i t r a r y  (one dim ensioned) fu n c tio n  f  (x ) th e  F o u rie r  transfo rm  
F (u ) i s  d efin ed  by th e  equation?
F (u ) m l  f  (x ) exp ( 2 7r ux) ds* (12)
*/—. OO
and th e  in v e rse  F o u rie r  transfo rm  by?
s*oo
f  (x ) m l  F (u ) exp ( j  27ru r) du ( 1$)
J —  o O
F (u ) re p re se n ts  th e  frequency con ten t o f  f  (x ) e x p l ic i t ly .  I t  may be 
expanded in to  r e a l  and im aginary p a r ts?
/ • e o  /* ° °
F (u ) m l  f  ( s )  cos 2ttux d s -3  I f  (x )  s in  27rux dx, (14)
CO * / _  0 0
showing th a t  i t  i s  composed o f  an i n f i n i t e  sum o f  p e r io d ic  to m s  and 
each value o f  u  determ ines th e  frequency o f  th a t  s in e  ~ co sin e  p a i r .
The F o u rie r  tr& aefons re p re se n ts  th e  l im i t  o f  a  d is c r e te  F o u rie r  s e r ie s  
expansion o f  a  p e r io d ic  fu n c tio n  o b ta ined  when th e  frequency in te rv a l  
between th e  te rn s  o f  th e  s e r ie s  tends to  zero  and th e  fundam ental 
frequency o f  th e  fu n c tio n  tends to  i n f i n i t y  (so  th a t  i t  i s  no lo n g er 
p e r io d ic )  (S te a m s * 1975)* The transfo rm  r e ta in s  th e  p ro p e rty  o f  th e  
F o u rie r  s e r ie s  th a t  th e  component a t  each frequency# o r  va lue  o f  u# 
i s  a  l e a s t  squares f i t  to  th e  fu n c tio n . Th© i n i t i a l  fu n c tio n  may b© 
re c o n s tru c te d  from i t s  frequency components u s in g  ©qn ( 1J )  where th© 
te r n  F (u ) a c ts  as  an i n f i n i t e  s e t  o f  c o e f f ic ie n ts  o f  th© complex 
w avefom s given by ©sp ( j  2*ux).
Th© F o u rie r  tran sfo rm  may b@ extended to  a  fu n c tio n  o f  2 v a r ia b le s?
F (u , v) m j j  f  ( x 9 y ) exp ( - j 2~(ux ❖ vy)) dxdy ( 15)
and th en  m odified f o r  th© p r a c t ic a l  case o f  d is c r e te  sampled data?
The te n ss  P (u , v) o f  th© transform  er© complex and so o a s t  be d isp layed  
in  th© form o f  th© am plitude spectrum  given by th e  modulus ©f th© 
eq u iv a len t v e c to r  a t  each point*  I f  eqn (16) i s  sep a ra ted  in  th© ease
The transfo rm  i s  d isp lay ed  w ith  long  w avelengths (low fre q u e n c ie s , em ail 
u fv) p lo t te d  a t  th© c e n tre  o f  th e  frequency (u , v) p lan e , and sh o rt 
wavelengths a t  th© edges* The edge occurs whore th e  wavelength equals 
th e  sam pling in te rv a l  and i s  c a l le d  th e  E yquist l im i t  (S c o lla r  1970b )* 
The transform  i s  in  f a c t  p e r io d ic  w ith  p e rio d  1  ( f o r  square d a ta  H X H), 
b u t i s  com pletely s p e c if ie d  by a  s in g le  period*
Once m  a r ra y  o f  d a ta  has been transform ed i t  may be f i l t e r e d  by d i r e c t  
m o d ifica tio n  o f  th© te rn s  o f  th e  frequency spectrum* A frequency 
domain f i l t e r  tak es  th e  form o f  an a r re y  o f  c o e f f ic ie n ts ,  each o f  
which m odifies on© element o f  th e  spectrum* C o e ff ic ie n ts  between 0 and 1 
w il l  e i th e r  a t te n u a te  o r  tra n sm it th© corresponding frequency  components 
whoa m u ltip lie d . The v a lu es in  th e  c o e f f ic ie n t  a r ra y  re p re se n t th© 
tr a n s f e r  fu n c tio n  o f  th© f i l t e r ,  H (u , v ) . .  .Given a  s e t  o f  transform ed 
d a ta  F th e  e f f e c t  o f  a  f i l t e r  i s  g iven by
and th e  f in a l  f i l t e r e d  d a ta  may b© recovered  by ta k in g  th e  in v e rse  
transform  o f  th e  ou tpu t fu n c tio n  6 .
The convolu tion  theorem however s ta t e s  th a t  th© F o u rie r  tran sfo rm  o f  
th e  convolu tion  o f  2 fu n c tio n s  equals th e  product o f  th e  F o u rie r  
transform s o f  th e  2 fu n c tio n s  (eg  P apou lis  1962). I f  therefor©  g , h , f  
©re th e  in v e rse  transfo rm s o f  G, H, F th e  o p e ra tio n
manner ©s equation  ( 14) in to  & r e a l  p a r t  E (uv) and an im aginary p a r t
I  (u v ), then  th e  am plitude spectrum  i s  g iven  by
( 17)
6 (u , v ) = E (u , v ) . F (u , v ) (18)
g  ( s ,  y )  -  h  (x , y ) * S  (x , y ) (19)
in  th© space domain i s  eq u iv a len t to  eqn (18) in  th© frequency domain* 
Eqn (18) i s  id e n t ic a l  to  equation  (9 ) where h (x , y ) re p re se n ts  th© 
impale© response o f  th e  convolu tion  f i l t e r .  I t  i s  th e re fo re  p o ss ib le  
t o  o b ta in  a  s e t  o f  c o e f f ic ie n ts  to  re p re se n t a  convolu tion  f i l t e r  
having s p e c if ie d  im pulse response c h a r a c te r is t ic s  by ta k in g  th e  in v e rse  
transfo rm  o f  a  s u i ta b le  frequency domain t r a n s f e r  fu n c tio n .
E ith e r  o f  th e  two eqns (18) and (19) say  be used as th© b a s is  o f  a  
p r a c t ic a l  f i l t e r i n g  system , and th© choic® o f  m u lt ip l ic a tio n  in  th© 
frequency domain o r  convolu tion  in  th© space domain i s  on© to  be mad© 
on p r a c t ic a l  as %fell a s  th e o r e t ic a l  grounds. Frequency domain methods 
have found wide a p p lic a tio n  in  geophysics and elsew here and a re  o f  
p a r t ic u la r  d i r e c t  re lev an ce  to  th e  a n a ly s is  o f  tim e-v ary in g  e e ie a ic  
d a ta . T h e ir a p p lic a tio n  to  a rch aeo lo g ica l survey d a ta  i s  d escrib ed  
i n  th e  ex ten siv e  work o f  S c o lla r  (v& r), bu t convo lu tion  t e c h n iq u e s ' 
rem ain in  u s e  both  i n  archaeology and in  o th e r  image p ro cess in g  
a p p lic a tio n s . F i l t e r in g  o f  th e  K s r i n e r  9 Mars p ic tu re s  in  1971 was 
l im ite d  to  co n v o lu tio n , u s u a l l y  i n  on© dimension along  th e  l in o s  o f  
th© imago (Open U n i v e r s i t y ,  1978)? end frequency domain t e c h n iq u e s  
a re  n o t nocoss& rlly  re q u ire d  in  n o d ica l topographic im aging (Jackson 
e t a l ,  1978) .  fh©  two methods and t h e i r  a rch aeo lo g ica l a p p lic a tio n s  
a re  d escrib ed  in  tu rn  belows
The p r a c t ic a l  r e a l i s a t io n  o f  v a rio u s  types o f  h ig h  and low pass 
convolu tion  f i l t e r s  (i© , to  pass h igh  and low  s p a t ia l  f re q u e n c ie s ) , and 
t h e i r  a p p lic a tio n  to  geophysical survey d a ta  i s  d esc rib ed  by Dean (1958) 
by Z tirflueh (19^7)- Z urflueh  g iv es  an example o f  a  f i l t e r  c o e f f ic ie n t  
a rm y  w ith  a  c u t - o f f  wavelength o f  8 g r id  u n i t s  d e riv ed  by ta k in g  th e  
in v e rse  transfo rm  o f  th e  eq u iv a len t t r a n s f e r  fu n c tio n . Th© id e a l
in v e rse  transfo rm  i s  i n f i n i t e  and so a  p r a c t ic a l  compromise g iv in g  an 
approxim ation to  th© req u ired  impulse response and c u t - o f f  frequency 
w ith  & minimum number o f c o e f f ic ie n ts  I s  found by t r i a l  sad  e r ro r .
A reasonab le  correspondence between th© F o u rie r  tre n s fo m  ©f th e  im pulse 
response and th© req u ired  t r a n s f e r  fu n c tio n  i s  o b ta ined  f o r  a  f i l t e r  
a r ra y  o f  w idth tim es th© c u t- o f f  w avelength. E xecution o f  th© f i l t e r  
f o r  each ou tpu t value  I s  sim ply a  m a tte r  o f  srassalng th e  neighbours o f  
th© corresponding in p u t v a lu e , each m u ltip lie d  by th e  ap p ro p ria te  
c o e f f ic ie n t  m  i n  eqn (1 1 ). F i l t e r s  o f  d i f f e r e n t  c u t -o f f  wavelength 
a re  o b ta in ab le  by in te rp o la t in g  th e  8 -u n it  f i l t e r  c o e f f ic ie n ts  to  a  
la r g e r  o r  sm a lle r  a rra y .
A h ig h -p ass f i l t e r  r e s u l t s  i f  th© low -pass f i l t e r e d  ou tp u t i s  
su b tra c ted  from th© o r ig in a l  d a ta , and t h i s  may b© done d i r e c t ly  by 
in v e r tin g  th e  s ig n  o f  th© co effic ien t©  and in c lu d in g  a  c e n tr a l  p o s it iv e  
sp ike  value o f  magnitude equal to  th e  sum o f  th e  o th e r  c© e£ fic ien ts .
I f  th e  low -pass c o e f f ic ie n ts  a re  norm alized to  a  t o t a l  m a^aitude o f  
1 (-1 when in v e r te d )  th e  c e n tra l  ©pike i s  +1.
An approxim ation to  th© process o f  m u ltip ly in g  by a  norm alized 
c o e f f ic ie n t  a r ra y  which i s  sim ple sad  economical in  ex ecu tio n  i s  
o b ta ined  by ta k in g  th e  mean o f  sp e c if ie d  neighbouring  v a lu e s , u s u a lly  
th o se  form ing & r in g  o f  s ta te d  ra d iu s  around each read in g  in  tu rn .
In  th© ease o f  a  h igh  pass f i l t e r  th© moan i s  th en  s u b tra c te d  from th e  
c u rre n t c e n tr a l  value  (o r  i t  may b© added in  th e  case o f  a  low -pass 
f i l t e r ) .
i©f g  (%, y ) -  f  (x , y ) » -jq- £  f  (n , a )
where f  (n , m) i s  sums©! over E neighbours m  d efined  in  th© program 
param eters. Such f i l t e r s  have a  precis©  c u t- o f f  frequency bu t th e  
im pulse response i s  d is to r te d  by ‘ringing* a s  d escrib ed  in  th© nex t 
s e c tio n  ( F i l t e r in g  S u b ro u tin es), belcw .
‘Ring re s id u a l*  f i l t e r s  o f  th i s  k ind  have a  long  h is to ry  o f  
a rch aeo lo g ica l a p p lic a tio n  (S c o lla r  and Kruckebcrg 1966, L in^ington 
1968- 9 )? and a re  a lso  used in  th e  only  commercial geophysical d isp la y  
package o f  which I  have d e ta i l s  (SXA, 1973)* At th e  AM Laboratory  
th ey  wero in co rp o ra ted  in  th e  program used f o r  e a r ly  computer bureau 
work undertaken  by Cl D ata L td , end then  included  in  l a t e r  progress.
Spatial Filtering? - Applications
The e s s e n t ia l  requirem ent in  a rch aeo lo g ica l work i s  f o r  h ig h -p ass  
f i l t e r s  capable o f  d isc r im in a tin g  narrow l in e a r  f e a tu re s  such as  
d itc h e s  o r  wall©, o r  is o la te d  f e a tu re s  such as  p i t s ,  from broad 
background tre n d s . There i s  r a r e ly  any c a l l  f o r  low -pass (o r  band­
p ass)  f i l t e r i n g  because th e  sam pling in te rv a l  o f  th e  survey i s  in  
g en era l coarse  compared w ith  th e  s iz e  o f  d e te c ta b le  f e a tu re s .  Th© 
c u r re n tly  used survey techn iques and logg ing  system a re  n o t capable 
o f  reco rd in g  n o ise  a t  a  h ig h er frequency th an  th e  s ig n i f ic a n t  d a ta . 
Random ‘unco rre la ted*  n o ise  cannot then  be sep ara ted  in  te m o  o f  
frequency c h a r a c te r is t ic s  in  sampled d a ta  (a lthough  i t  may be in  th e  
analogue p lo t s ) ,  and can only  be d efined  in  term s o f  am plitude (see  
2 .6 , P lo t t in g  Range).
The main o b je c t o f  f i l t e r i n g  i s  th e re fo re  to  exclude those  sources o f  
in te r fe re n c e  l i s t e d  as c o r re la te d  n o ise  in  m agnetic d a ta  In  s e c tio n  
1 .1 .4? ©ad th e  g eo lo g ica l and background changes in  r e s i s t i v i t y .
There i s  in  p ra c t ic e  on ly  a  very  l im ite d  need f o r  t h i s  i n  p ro cess in g  
m agnetic survey© because th© f lu s g a te  magnetometer i s  v ery  l i t t l e  
a f fe c te d  by c o r re la te d  n o is e . E e g le c tin g  in strum en t f a u l t s  and g ro ss  
m agnetic in te r fe re n c e  which obscures th e  archaeology i n  m j  c a se , th e  
on ly  rem aining source o f  c o r re la te d  in te r fe re n c e  i s  from lo c a l  
geomorphology. Th© instrum en t has a  narrow range o f  s p a t i a l  s e n s i t i v i t y
b o  th a t  th© ou tpu t i s  e f f e c t iv e ly  p r e - f i l t e r e d  t© in c lu d e  only  fe a tu re s  
w ith  archa©  lo g ic a l ly  poesibi©  dim ensions. The n a tu ra l  v a r ia t io n s  in  
s o i l  c o n d itio n s  which a re  d e tec te d  a re  those  o f  wavelength s im ila r  to  
th e  archaeology, and to  d is t in g u is h  them i s  th e  ta sk  o f  manual i n t e r ­
p r e ta t io n .
A secondary e f f e c t  o f  h igh -pass  f i l t e r i n g  i s  to  sharpen th® image.
The analogue m agnetic c h a r ts  a re  ag ain  in  l i t t l e  need o f  t h i s .  The 
gradiom eter s ig n a l fa ll®  o f f  w ith  d is ta n c e  f a s t e r  than  th e  in v e rse  
cube r e la t io n s h ip  o f  an ab so lu te  magnetometer, g iv in g  minimal spread  in  
th e  d e tec te d  anomaly. To sample th e  d a ta  a t  1m in te rv a ls  through th e  d a ta  loggz  
i s  e f f e c t iv e ly  to  b lu r  t h i s  s ig n a l .  Subsequent f i l t e r i n g  m y  p a r t ly  
compensate f o r  th© v is u a l e f f e c t  o f  th e  b lu r r in g , bu t n o t f o r  th© lo se  o f  
In fo rm ation  c o n te n t. The p r a c t ic a l  e f f e c t  o f  image sharpen ing  i s  
l im ite d  by th© re s o lu t io n  o f  th e  d isp la y , which f o r  c u rre n t p lo ts  
i s  no b e t t e r  than  th a t  o f  th e  i n i t i a l  d a te .
F i l t e r in g  i s  th e re fo re  a  p rocess to  b© ap p lied  to  g radiom eter surveys' 
f o r  th® sake o f  m arginal g a in s  in  c l a r i t y ,  and perhaps to  exclude 
f e a tu re s  a t  th e  broad end o f  th e  d e te c ta b le  w avelength spactram , r a th o r  
th an  f o r  say fundam ental reaso n s. F ig  2.1 shows p a r t  o f  m  I ro n  Ag® 
enclosu re  co n ta in in g  se v e ra l c lu s te r s  o f  p it® . D isp lay  i s  in  th e  form 
o f  a  d o t-d e n s ity  p lo t  i n  which each read in g  i s  rep resen ted , by a  group 
o f  randomly o f f s e t  d o ts  corresponding in  number to  th© s tre n g th  o f  th e  
read in g . A n8-elem cnt h igh  pass r in g  f i l t e r  o f  ra d iu s  5 (g r id  u n i te )  
was u sed . There i s  random in te r fe re n c e ,  m ostly  from iro n  sp ik es  which 
a re  no t e a s i ly  recogn ised  a t  t h i s  re s o lu t io n , a long  a  tra c k  above th e  
en c lo su re , and th e  s tro n g  anom alies to  th e  bottom r ig h t  o f  th e  p lo t  
a re  osused by an i ro n  p ip e .
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Fig 2.1 G uiting Power, G los.
D ot-density p lo t o f magnetic survey shov/ing enclosure  
and p it s .
F i l t e r  radius 3> range mean to  mean + 2 standard d ev ia tion s  
in  25 l e v e l s .
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F ig  2 .2  s ta r s  how lim ite d  th e  effect©  o f  a  f i l t e r  may be f o r  d a ta  
w ith  only  narrow s ig n if ic a n t  anom alies. S halfo rd  manor i s  unusual in  
having iro n  ©lag in co rp o ra ted  in  th e  b u ried  foundation© which a re  
th e re fo re  d e te c ta b le  m ag n etica lly  as w ell as by r e s i s t i v i t y .  The 
u n f i l tc r e d  d a ta  ( i )  and f i l t e r e d  d a ta  ( i i )  war© p lo t te d  a t  d i f f e r e n t  
scale© f b a t th e re  i s  no o th e r  n o tic e a b le  change in  th e  anom alies.
F i l t e r in g  i s  a l to g e th e r  more im portan t in  th© case o f  r e s i s t i v i t y  
su rveys. Here th e re  i s  no i n i t i a l  d isc r im in a tio n  a g a in s t long  wave­
len g th s  end some o v e ra ll  d r i f t ,  m ostly  from change© in  s o i l  dep th , i s  
u su a lly  p re se n t. Th© response compare© more w ith  th a t  from an ab so lu te  
o r  d i f f e r e n t i a l  magnetometer than  w ith  a  gra& iom eter. Th© d i f f e r e n t i a l  
use  o f  two magnetometer© w ith  one a t  a  f ix e d  base s ta t io n ,  a© in  th© 
arrangem ent d escrib ed  by S c o lia r  (eg  1970 C, 1974), excludes th© back­
ground changes in  t o t a l  f i e ld  s tre n g th  which would b© d e te c te d  by a  
s in g le  ab so lu te  in stru m en t, bu t anom alies o f  w avelength up to  th e  s iz e  
o f  th© survey a re  adm itted . F i l t e r in g  i s  an e s s e n t ia l  s ta g e  in  th® 
p ro cess in g  o f  a ll. such d a ta , and computer tre a tm e n t, co rrespond ing ly , 
o f  more fundam ental im portance.
The u n f i l te r e d  d a ta  fe e s  th© r e s i s t i v i t y  survey a t  S h a lfo rd  i s  shown 
in  f i g  2 .5 . The h igh  read in g s  a re  i n i t i a l l y  @11 a t  one s id e  o f  th© 
p lo t ,  bu t a f t e r  f i l t e r i n g  ( f i g  2 .4 )  th e  o u tl in e  o f  a  b u ild in g , more 
complete than  in  th e  m agnetic survey , i s  v i s ib le .  A narrow f i l t e r  a )  
g iv es  a  sharp  bu t r a th e r  broken o u tl in e  and th e  b u ild in g  ©ay be more 
e a s i ly  recogn ised  in  th e  s l ig h t ly  b lu rre d  bu t more continuous p lo t  from 
a  w ider f i l t e r  ( i i ) .
F ig  2 .5  g ives examples o f  d o t-d e n s ity  p lo ts  which s im ila r ly  ©how th e  
re s o lu t io n  o f  lo c a l  f e a tu re s  through f i l t e r i n g .  Here a  f i l t e r  o f  
ra d iu s  4 was used to  e x tr a c t  from th© in i t i a l ,  d a ta  anom X ies re p re se n ­
t in g  la rg e  burn ing  p i t s  marking th© p o s it io n s  o f  d es tro y ed  s to n e s  in  
th e  n o rth e rn  in n e r  c i r c l e  a t  Avebury.
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( i )  U n filte red  p lo t
*wV»r •
Sg
( i i )  E h lte r  rad ius 4
, 5 Avebury
1 ii+OO
R e s is t iv ity  survey shov/ing burning p i t s  which in d ic a te  
p o s itio n s  o f destroyed sto n es .
f i l t e r i n g  Subroutines
W I B H H I  iliMli i Mi m i  i w ill «■« !*'» - t  II HIM—
Two a l te r n a t iv e  implementations o f  eyES&etrie&l high  pass ( re s id u a l)  
f i l t e r s  were included in th© Honeywell programs (seo AM L aboratory  
re p o r t  G 1/79)* I s  one of them (SFILTEE2) th© mean value subtracted 
from th© c e n tre !  read in g s  re p re se n ts  e i th e r  4 read in g s  a t  s ta te d  
p o s it io n s  along th e  principal axes* o r  8 read in g s  w ith  in te rm e d ia te  
p o s it io n s  included* m  shorn in  f i g  2.6* -
Th© ou tp u t o f  a  s p a t ia l  f i l t e r  i s  th© convolu tion  o f  i t s  in p u lee  
response w ith  th© d a ta . The im pulse response o f  s  4-elem ent f i l t e r  
( ie  ou tp u t from a  zero  a r ra y  w ith  c e n tr a l  value » 1) i s  shown in  f i g  
2 .6 ( i ) .  The ou tpu t i s  a  p lan  o f  th© f i l t e r  i t s e l f  cen te red  on th© 
impulse* and t h i s  causes spu rious n eg a tiv e  anom alies in  th e  reg io n  o f  
any h igh  read ings in th e  d a ta . The’ magnitude o f th e  n eg a tiv es  may be 
reduced by in c lu d in g  more elem ents in  th e  f i l t e r ,  and so in  th e  o th e r  
su b ro u tin e  ( SFILTSR1) a l l  va lu es  which l i e  c lo se  to  th e  s ta te d  ra d iu s  
from th e  c e n tr a l  value a re  lo c a te d  and included  in  th e  mean. At th e  
em ail r a d i i  most ©ften used  i n  p ra c t ic e  (2 -4  read in g s) th© e f f e c t  o f  
t h i s  f i l t e r  i e  n o t n o tic e a b ly  d i f f e r e n t  from th a t  o f  an 8 elem ent 
f i l t e r ,  and only  th e  4 and 8 elem ent o p tio n s  were in c lu d ed  in  th e  
Surrey programs ( J n l ie a  and Stssm srd 1976). As th© im pulse response 
( f i g  2o6 ( i i ) )  shows, 8 f i l t e r  elem ents ar© n o t enough to  suppress 
th e  negative© (a lth o u g h  th e  magnitude o f  each i s  r a th e r  th an  - J ) ,  
and * singing* (Gonzalez and W ints, 1977* p 145) s t i l l  o ccu rs . The 
p r a c t ic a l  r e s u l t  o f  r in g in g  i s  c le a r ly  v i s ib le  in  th© b lank  s t r i p  to  
each s id e  o f  th© enclosu re  d i tc h  in  f i g  2 .1 , and ale© in  f i g  2 .5  wk©r© 
th e  c i r c u la r  shape ©f th e  anom alies makes th e  e f f e c t  ©f th© convo lu tion  
d i r e c t ly  ap p aren t.
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R inging occurs to  sem© ex ten t w ith  a l l  p r a c t ic a l  f i l t e r ® .  I t  i s  p o ss ib le  
to  reduce th© d is to r t io n  o f  th© im pulse response by u s in g  ©steaded and 
tap ered  c o e f f ic ie n t  s e ts  (a s  in  Z urflueh  19&7)f bu t a t  th® c o s t  o f  a  
le s s  sharp  c u t - o f f  frequency. There a re  eq u iv a len t d i f f i c u l t i e s  in  
frequency domain f i l t e r  design  where a  sharp  c u t -o f f  frequency causes 
r in g in g  in  th e  image ( a f t e r  in v e rse  tran sfo rm atio n ) s im ila r  to  th a t  
seen h e re . F i l t e r  design  i s  a  compromise between sharpness o f  o u t-o f f  
and im pulse response (8c o l la r  1970 b ) ,  and th© a p p lic a tio n  o f  s u i ta b le  
ta p e r in g  o r  ’apo&ising® fu n c tio n s  to  d efin e  th e  edge o f th e  f i l t e r  t r a n s f e r  
fu n c tio n  i s  th© su b je c t o f  co n sid e rab le  l i t e r a t u r e  (Gonzalez and V in ts  
1977* S team s 1975)* ®si® ta p e r in g  i e  u s u a lly  don© in  th© frequency 
domain and convolu tion  a r ra y s , i f  re q u ire d , a re  found in d i r e c t ly  by 
ta k in g  th e  in v e rse  transfo rm .
In  p ra c t ic e  r in g in g  does n o t s e r io u s ly  im pair th e  in fo rm ation  co n ten t 
o f  th e  p lo ts  and may bo considered  an a id  to  c l a r i t y  by im proving th e  
lo c a l  c o n tra s t  o f  fe a tu re s  in  d o t-d e n s itio o . A w ider cho ice o f  f i l t e r  
a rra y s  would however a llow  some c o n tro l o f  th e  degree o f  r in g in g  
accep tab le  in  a  g iven p lo t ,  and means o f  implementing th i s  a rc  considered  
f u r th e r  below.
In  convolu tion  w ith  read in g s  a t  th e  edge o f  th© d a ta  th e  f i l t e r  a r ra y  
w i l l  p a r t i a l l y  extend beyond th e  edge, and e i th e r  th e  f i l t e r  o r  d a ta  
must th e re fo re  be m odified . P o ss ib le  rem edies in c lu d e  su rround ing  th© 
d a ta  w ith  ze ro es , e x tra p o la tin g  th® d a ta , o r  sim ply tru n c a tin g  th e  ou t­
p u t which f a l l s  w ith in  h a l f  th e  w idth o f  th e  f i l t e r  a r ra y  frcB  th© 
edge o f  th© in p u t d a ta  (Black and S c o lla r ,  1969)* The problem does n o t 
a r i s e  in  frequency domain f i l t e r i n g  where th e  wave numbers a re  
rep re se n te d  d i r e c t ly .  Th© method used in  SFXLTEIR1 and SFXLTBR2 i s  
to  modify th e  f i l t e r  by t e s t in g  w hether each lo c a tio n  f a l l s  w ith in  th©
d a ta  so th a t  on ly  va lues from a  p a r t i a l  neighbourhood sr© included  a t  
th e  edges, Th© f i l t e r  response ie  le g s  w e ll-d e fin ed  a t  th® edges than  
elsew here h a t  th e  e f f e c t  i s  n o t n o tic e a b le  in  p r a c t ic e *  and some lo s s  
o f  accuracy i s  p re fe ra b le  to  a  complete lo s s  o f  d a ta . S im ila r  edge 
e f f e c ts  w i l l  occur between se c tio n s  (u n le ss  they  o v erlap ) when a  d a ta  
f i l e  exceeds th e  core space and i s  read  to  th e  program in  p ie c e s .
This happens w ith  th e  e x is t in g  Honeywell program f o r  f i l t e r i n g  la rg e  
f i l e s  (FILTER), b a t th© v i r tu a l  d a ta  s tr u c tu re  o f  th© new programs 
w i l l  avoid  th© problem ( s e c tio n  2«4)«
Blank va lues w ith in  th® d a ta  ( id e n t i f ie d  by a  p re s e t  m arker) ©x© a lso  
te s te d  f o r  i n  a l l  th e  c u rre n t programs ©ad s im ila r ly  excluded.
H on-c iro tdar F i l t e r seqw«»«Kjao6aattaa3MMJi)Uii<|wn'l|i,iii’irnTi»iwuit'Mi.iiiiii»w.jurM
Any a r b i t r a r i l y  defined  s e t  o f  elem ents may be averaged and su b tra c te d  
in  a  convolu tion  f i l t e r ,  and n o t j u s t  th e  c i r c u la r  groups d esc rib ed  
above. To s u b tra c t  a  n o n -c irc u la r  group may be u se fu l p a r t ic u la r ly  
when l in e a r  f e a tu re s  o f  a  g iven  o r ie n ta tio n  a re  sought. The response 
i s  th en  s treng thened  by d e fin in g  a  l in e a r  a r ra y  o f  f i l t e r  elem ents 
d ire c te d  a t  r ig h t  ang les to  th© expected f e a tu re s .  Th© f i l t e r  must 
s t i l l  be sym m etrical about th e  c e n tra l  value o r  th© p o s it io n  ©f fe a tu re s  
w i l l  b© d isp lace d  in  th© o u tp u t, bu t th e  eynaetry  need n o t be c i r c u la r .  
The e f f e c t  o f  such f i l t e r s  has been in v e s tig a te d  by L im irg to n  (l97@* 
1971).
A v a r ia t io n  on th i s  p r in c ip le  i s  th e  b a se lin e  f i l t e r  su b ro u tin e  
(BFILTER) inc luded  a s  a  th i r d  o p tio n  in  th© Honeywell program. T his 
m s  in tended  to  c o r re c t  f o r  d isplacem ent o f  f lu s g a ts  t ra v e rs e s  caused 
by f a u l ty  d e te c to r  alignm ent o r  o p e ra to r  in te r f e r e n c e  s e c tio n  1 .1 .4 ) 
through f i t t i n g  a  lo c a l  b a se lin e  to  each tra v e rs e .  A ie a s t- e q u s re s  f i t
■ • .*' ./.- • • ••*”-
•n..trrw «. 
•• *: > «•*?. *"*•?%• r ? i2*#•♦%»• *• ,/ •* "  • I#
■?*35*«fO.*'v5 & ? ! ? . <
I n i t i a l  data
. . .11 •
- 'tl ' -r:\v i.. #;»JW
( i i )  Data -  mode o f each tra v e rse
+  ... *• 1 •f • l.\ . •* £ 9 t • - U«• « * **• «v *: * . .•* «*' . / • • * .  *'  . . V
II
;i 
. 
> 1"  " .4-.V *F. 
•««* » • * * •U. * .*
'  V •v. v ;
w  V>tV
s •
■ * * . : 
<T." ^  v  
..
. • 5.
t
•
* * • •• ••• ... ‘V * i* .»
T. •y • . * :<r ,  *v IS*
•
'  i* '
+ '  &
.,*! *• ’• .*» 
i - T.
l^f i f  ‘
• "l*5-
v  - . . . A  -v* 
'■
'•V i'.V  V;Jvr** .j.
.* *c!f
r - V "  ♦ • # * ** *• *
+
( i i i )  Data -  running mean o f  10 readings
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Fig 2 .7  Bullock Down, Eastbourne
One-dimensional f i l t e r in g  to  correct for diurnal d r if t  in  
proton magnetometer data.
to  th e  f e t a  would ten d  to  b© d isp lace d  by anom alies, and th© method 
need i e  to  f in d  th e  mode ©f th e  d a ta . This i s  e f fe c t iv e  except where 
an anomaly p a r a l l e l  to  th e  tra v e rs e  occupies more than  h a l f  th e  
t r a v e rs e .  Beosuse th© v alu es a re  h e ld  as  r e a l  numbers th© frequency 
o f  occurrence o f  each a m b e r  cannot be counted d i r e c t ly ,  and in s te a d  
a  count i s  made o f  th e  number o f  read in g s  f a l l i n g  w ith in  each o f  a  
s ta te d  number o f  s te p s  (d e fin ed  between th© mem  o f  th© f e t a  ±2  
s tan d ard  d e v ia tio n s ) .  The lower bound o f  th e  s te p  w ith  th e  h ig h es t 
count i s  tak en  as  th e  u n d e flec ted  base le v e l  f o r  th© tra v e rs e  end 
su b tra c te d  from each o f  th e  re a d in g s . This i s  e f f e c t iv e ly  a  p ro cess 
o f  one-dim ensional f i l t e r i n g  to  c o r re c t  f o r  h o r iz o n ta l d is c o n t in u i t ie s .
One a p p lic a tio n  was to  a  s e t  o f  p ro to n  magnetometer read in g s  f o r  which 
no base s ta t io n  re fe re n c e  read ings f o r  d iu rn a l d r i f t  c o r re c tio n  were 
a v a i la b le .  A p lo t  o f  th© i n i t i a l  d a ta  ( f i g  2 .7  ( i ) )  shows s tro n g  d r i f t  
du ring  each o f  th e  two days o f  th e  survey. S u b trac tin g  th e  mode o f 
each tra v e rs e  removed th e  o v e ra l l  d r i f t  b e tw e e n  t ra v e rs e s  ( i i )  b a t 
th e r e - w a s  s t i l l  s u f f ic ie n t  v a r ia t io n  w ith in  each tra v e rs e  t© a f f e c t  
th e  p lo t .  Each read in g  was th e re fo re  cofspared w ith  a  runn ing  mem  o f  
10 neighbour© along  th© same tra v e rs e  to  g ive  th e  r e s u l t  i n  ( i l l ) .
This i s  eq u iv a len t to  1-d im ensional h ig h -p ass  f i l t e r i n g  w ith  a  f i l t e r  
wide enough to  admit anom alies b a t no t wide enough to  be a f fe c te d  by 
d r i f t .
A lte rn a tiv e  Im plem entation o f  S p a tia l  F i l t e r s— — hiziwruiMmmmf i t n.i ,'mu i »> un fiiiw m
In  th© sub rou tine  d escrib ed  above th e  co o rd in a tes  o f  th e  f i l t e r  
elem ents a re  genera ted  by th e  program accord ing  to  f ix e d  parameter©, 
and on ly  th e  ra d iu s  o f  th e  group may be v a r ie d . A d i f f e r e n t ly  s tru c tu re d  
program ie  therefor©  req u ired  f o r  each d i f f e r e n t  type o f  f i l t e r  
c o n f ig u ra tio n . I t  would be p o ss ib le  to  ach ieve & s im p ler end more 
f le x ib le  r e a l iz a t io n  o f  th© process by making th e  convo lu tion  o p e ra tio n
(eq u a tio n  11, above) e x p l ic i t  in  th e  program coding* An a r ra y  o f  
c o e f f ic ie n ts  re p re se n tin g  any type o f  d a ta  could  then  be en te red  end 
on ly  one sim ple ro u tin e  would b© req u ired  to  c a lc u la te  i t s  convolu tion  
w ith  th e  d a ta . C o e ff ic ie n t a rra y s  to  re p re se n t high***, Xow» o r  band® 
p a ss , 1 - o r  2 -d lo e n s io n s l, s y o ie t r ic a l  o r  asym m etrical f i l t e r s  could 
then  be d efin ed  by o th e r  ro u tin e s  o r  independent programs and ho ld  
in  f i l e s  to  be road  in to  th e  p ro cess in g  program as re q u ire d . The 
a r ith m e tic  re q u ire d  to  lo c a te  th e  f i l t e r  elem ents i s  th e re fo re  removed 
from th e  p ro cess in g  ro u tin e  which i s  thereby  g re a t ly  s im p lif ie d , and 
tra n s fe r re d  to  a  q u ite  se p a ra te  f i l t e r  c re a tio n  p ro g ra m s .
I t  would be eq u a lly  p o s s ib le  to  us© e i th e r  la rg e  a c c u ra te ly  tap e red  
c o e f f ic ie n t  a r ra y s , o r  sm all a r b i t r a r i l y  d efin ed  ones w ithout m odifica­
t io n  to  th e  program. The e x is t in g  f i l t e r s  a re  e a s i ly  expressed m  
a rra y s  % a  4-©l©&©nt r e s id u a l  f i l t e r  f o r  example i s  ob ta in ed  by sunsaing 
th e  p roducts o f  th e  c o e f f ic ie n ts  ac ro ss  ©a a rra y  w ith  a  c e n tra l  value 
o f  1, c o e f f ic ie n ts  o f  f o r  th e  4 elem ents, and zeroes elsew here.
The c o e f f ic ie n ts  should be norm alized so th a t  t h e i r  sum equals 
one f o r  a  re g io n a l (low p ass)  f i l t e r  to  p rese rv e  th© t o t a l  am plitude 
o f  th e  d a ta , o r  equals zero  (as  h ere ) f o r  a  re s id u a l f i l t e r .  The norm alisa­
t io n  could be provided in  th e  f i l t e r  c re a tio n  program s. F i l t e r  
a rra y s  could be m odified  u s in g  th e  same p ro cess in g  ro u tin e s  m  any o th e r  
d a ta  and scaled , in te rp o la te d  o r  ro ta te d  a s  n ecessa ry . The new 
programs©© e re  designed to  p rocess m u ltip le  a r b i t r a r i l y  dimensioned 
a rra y s  s im u ltan io u s ly , and so execu tion  w ith  a  c o e f f ic ie n t  a r ra y  o f  
any reasonab le  s iz e  w il l  b© p o s s ib le .
The in c reased  number o f  a r ith m e tic  o p e ra tio n s  re q u ire d  to  c a lc u la te  
th e  convolu tion  w ith  th© t o t a l  a rra y  r a th e r  th an  s ta te d  non-zero  
elem ents a s  in  th© c u rre n t ro u tin e s  w i l l  cause some in c re a se  in  
execu tion  tim e, b u t t h i s  i s  a t  p re se n t n e g lig ib le  and m  in c re a se  would
n o t be a  g re a t  problem. Most p r a c t ic a l  f i l t e r s  would f i t  in to  a rra y s  
o f  25-121 elem ents and th e  in c re a se  would be B lig h t. E x is t in g  ro u tin e s  
w i l l  in  any case be re ta in e d  as  o p tio n s . S e o lla r  (1970 b ) c r i t i c i s e s  
convo lu tion  f i l t e r i n g  ©a th© grounds o f  excessive  execu tion  tim e, end 
f o r  larg© c o e f f ic ie n t  a r ra y s  th e  time does become s ig n i f ic a n t .  Convolution 
w ith  an a r ra y  th© earn© s iz e  (N) as  th© d a ta  would re q u ire  N o p e ra tio n s ,
swhich i s  o f  th© o rd er 10 f o r  even a  modest survey . Tk© advantage o f  
frequency domain techn iques i s  th a t  th ey  allow  f i l t e r i n g  o f  s im ila r  
p re c is io n  w ith  th© number o f  o p e ra tio n s  p ro p o rtio n a l t© on ly  H logg H 
(Cooley ©t a l l 9^8). For sm all convolu tion  a rra y s  however th e  balance 
o f  p r a c t ic a l  advantage probably  l i e s  w ith  spac© domain m ethods.
Experience has shown th a t  u se fu l r e s u l t s  a re  p o ss ib le  w ith  sim ple 
s p a t i a l  f i l t e r s ,  and a ro h aeo lcg ica l d a ta  a re  probably  n o t u s u a lly  o f  
© p re c is io n  th a t  would make accu ra te  f i l t e r  design  im p o rtan t. I f  
c le a r ly  defined  f i l t e r  c h a r a c te r is t ic s  a re  ever req u ire d  in  p a r t ic u la r  
cases then  com putational advantage end s im p lic i ty  o f  f i l t e r  design  
would both  favour frequency domain p ro cessin g .
2 .2 .2  Precraency Domain F i l t e r in g
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Once th© frequency spectrum  o f  th© d a ta  has been c a lc u la te d  i t  can be 
m odified  d i r e c t ly  by m u lt ip l ic a tio n  o f  th e  c o e f f ic ie n ts  a s  i n  equ (1 8 ):
G (u , v) « H (u , v) . F (u , v)
I t  i s  in  p r in c ip le  much sim pler to  sp e c ify  th e  t r a n s f e r  fu n c tio n  
H (u , v ) than  to  gen era te  an a r ra y  o f  convolu tion  c o e f f ic ie n ts .
S tandard f a s t  F o u rie r  transform  ro u tin e s  o p era te  by re o rd e r in g  th© 
d a ta  to  a llow  I n i t i a l  com putation o f  a  s e t  o f  two p o in t tran sfo rm s.
3?h®se a re  combined in to  h ig h e r o rd e r transform s through logg H 
eucceesive doublings u n t i l  & s in g le  transfo rm  f o r  th a t  row o f  d a ta  i s  
o b ta in ed . The a lgo rithm  was f i r s t  pub lished  f o r  computer a p p lic a t io n
■by Cooley and Tnkey (19^5) r eubro t in e  l i s t i n g s  a re  g iven  by 
Cooley ©t a l  (19^9) and S team s (1975)*
The execu tion  tim e i s  p ro p o rtio n a l to  H logg H ( fo r  H d a ta  p o in ts )
o
r a th e r  than  Is f o r  a  ro u tin e  coded d i r e c t ly  from equation  (16) above.
For p r a c t ic a l  d a ta  a rra y s  logg II i s  l ik e ly  to  be 6 -8 , so th a t  even 
a f t e r  f i l t e r i n g  and tak in g  th e  in v e rse  transfo rm  th e  number o f  o p era tio n s  
compares w ith  convolution  f o r  a  em ail f i l t e r  a rra y  and i s  much few er 
th an  f o r  convolu tion  w ith  a  la rg o  a r ra y , A transfo rm  ro u tin e  w il l  be 
included  in  th e  new program bu t c e r ta in  p r a c t ic a l  com plications a re  
l ik e ly  to  l im i t  i t s  u se fu ln e ss ;
Most pub lished  FES? ro u tin e s  re q u ire  th© le n g th  o f  each s id e  o f  th e  
d a ta  a rra y  to  be a  power o f  two (a lth o u g h  Black and S c o lla r ,  19&9> 
d esc rib e  a  scheme in  which i t  need be on ly  a  m u ltip le  o f  4-}* and 
im plem entation i s  s im p lif ie d  f o r  a  square a rra y . The d a ta  could  f i r s t  
be in te rp o la te d  to  any req u ire d  dim ensions u s in g  f a c i l i t i e s  to  be 
provided  in  th e  programs in  any ca se , b u t to  d iv id e  th e  d a ta  in to  
square s e c tio n s  w i l l  be troublesom e f o r  la rg e  su rveys, a s  experience 
w ith  th e  c o re -lim ite d  v e rs io n s  o f  th e  p re se n t programs has shewn.
A 2-dim ensional transfo rm  ie  found by transfo rm ing  f i r s t  th e  rows and 
then  th© columns. Methods o f  tra n sp o s in g  th e  rows and columns o f  th e  
in te rm ed ia te  r e s u l t s  when th e  number o f  item s exceeds th e  core space 
a re  d escrib ed  in  s e c tio n  2 .5  ( in te r p o la t io n ) .
There w i l l  a lso  be problems in  p ro cess in g  incom plete b locks o f  d a ta , 
as  w ell as  those  th a t  a re  i r r e g u la r ly  shaped. S c o lla r  ( 1970b) su g g ests  
f i l l i n g  in  m issing  read ings by in te rp o la t io n .  This i s  p rov ided  f o r  
in  th© e x is t in g  programs bu t th e  u su a l p ra c t ic e  th e re  i s  to  t e s t  
f o r  b lank m arker va lues a t  each s tag e  o f  p ro cess in g  and t r a n s f e r  them 
to  th e  ou tp u t so th a t  b lanks appear in  th e  f in a l  p lo t*  To ach ieve t h i s  
w ith  transform ed d a ta  i t  may b© n ecessary  f i r s t  to  copy a  map ©f th e
blanks to  f i l e ,  in te rp o la te  and p ro cess , and then  re p lac e  th e  b lanks 
in  th e  o u tp u t. This should be p o ss ib le  in  th e  new programs which 
a re  designed to  allow  a r ith m e tic  o r  - lo g ic a l  o p era tio n s  between m u ltip le  
in p u t a r ra y s . This d a ta  s tru c tu re  w i l l  a lso  allow  la rg e  f i l t e r  a rra y s  
to  be read  from f i l e  a longside  th e  d a ta , Once th i s  i s  done f i l t e r i n g  
i s  a  sim ple m a tte r  o f  m u ltip ly in g  corresponding  elem ents in  th e  two 
a r ra y s , b u t o th e r  programs to  p repare  th e  f i l t e r  a rra y s  a re  a lso  
re q u ire d .
Standard fu n c tio n s  f o r  ta p e r in g  the  edge o f  th e  pass-band to  reduce 
r in g in g  a re  d iscu ssed  by S c o lla r  ( 1970b) and Gonzalez and Wints 
(1977)* They in c lu d e  th e  normal o r  Gaussian curve which i s  com pletely 
f r e e  o f  r in g in g  bu t g iv es  a  very  b lu rre d  c u t - o f f  frequency, s in e s ,  
decaying ex p o n en tia ls , f i l t e r s  w ith  tra p e z o id a l c ro ss  s e c t io n , and 
B u tte n fo rth  f i l t e r s  co n s tru c ted  from th e  transfo rm  o f  a  f i r s t - o r d e r  
B essel fu n c tio n . In  frequency domain f i l t e r i n g  th e  problem o f  edge 
e f f e c ts  does n o t a r i s e ,  a lthough  spurious wavelengths may be in tro d u ced  
i f  th e re  i s  a  s te p  a t  th e  edge o f  th e  d a ta .
More e la b o ra te  f i l t e r i n g  schemes a re  d iscu ssed  by S c o lla r ,  and in c lu d e
th e  use  o f  asym m etrical (eg  e l l i p t i c a l )  c o e f f ic ie n t  a rray s  a s  d i r e c t io n -
s e n s i t iv e  f i l t e r s ,  and optimum o r  Wiener f i l t e r i n g  in  which th©
the
norm alised complex con jugate  o f  th e  transfo rm  o f/ex p ec ted  anomaly i s  used 
to  provide th e  f i l t e r  c o e f f ic ie n ts .  Because th e  c o r re la t io n  o f  two space domain 
fu n c tio n s  i s  eq u iv a len t to  m u lt ip l ic a tio n  o f  th e  transfo rm  o f  on© by 
th e  complex conjugate o f  transform  o f  th e  o th e r  : 
f ( s ,  y ) o  a (x , y ) <=> F (u , v).G* (u ,v )
(where * re p re se n ts  th e  complex co n ju g a te ) , Wiener f i l t e r i n g  e f f e c t iv e ly  
c a lc u la te s  th© c ro s s -c o r re la t io n  between th© a c tu a l  and assumed resp o n se . 
Probably too much prev ious in fo m a tie n
about th© d e tec ted  f e a tu re s  i s  re q u ire d  fo r  th i s  method to  be o f  use 
i n  p rac tice*
The F o u rie r  transfo rm  i s  th© most g e n e ra lly  used image transfer© * bu t 
o th e rs  based on decom position o f  th e  d a ta  in to  v ario u s  a l te r n a t iv e  
elem entary orthonorm al fu n c tio n  s e ts  a re  a v a i la b le .  Some (eg  Ha&r and 
Walsh tra n s fo m s  which ta k e s  values ± 1 )  o f f e r  p o ss ib le  com putational 
advantages. Both th e  transfo rm  a lg o rith m  and f i l t e r i n g  techn iques 
here  a re  s im ila r  in  p r in c ip le  to  those  o f  th e  F o u rie r  transfo rm  
(Dubbins e t  a l f 1971* Gonzalez and W ints, 1977)*
A f a r th e r  a l te r n a t iv e  to  computing th e  F o u rie r  transform  would be to  
make us© o f  o p t ic a l  f i l t e r i n g  as  d escrib ed  in  Goodman (1968). Th© 
d i f f r a c t io n  p a t te rn  formed in  th e  fo o a l p lane o f  a  le n s  i s  th© F o u rie r  
transfo rm  o f  th e  o b je c t ,  and may be f i l t e r e d  d i r e c t ly ,  eg w ith  a p e r tu re 8 
o f d i f f e r e n t  s iz e s  to  re p re se n t lowpass f i l t e r s ,  and th© r e s u l t s  
observed in  th e  image plan®. S c o lla r  (197% ) suggests  f i l t e r i n g  
tra n sp a re n c ie s  re p re se n tin g  s e c tio n s  o f  survey d a ta  in  t h i s  way, bu t 
problems o f  experim ental accuracy and th e  p h y s ica l r e a l iz a t io n  o f  
f i l te r®  a re  l ik e ly  to  l im i t  th e  u se fu ln e ss  o f  th© tech n iq u e . Work o f  
th i s  k ind  w ith  Landeat image d a ta  has been re p o rte d , however 
(B arn e tt and H a rn e tt, 1975)*
2 .2 .5  F i l t e r i n gs Rela ted  Techniques
There a re  v ario u s  o th e r  p rocesses in v o lv in g  num erical o p e ra tio n s  on 
th e  d a ta  which a re  c lo se ly  r e la te d  to  those  re q u ire d  in  f i l t e r i n g :
Smoothing
A stan d ard  technique f o r  suppressing  in d iv id u a l extreme valu es  ©s 
reducing  random background n o ise  i s  to  re p la c e  each read in g  w ith  a  
weighted mesa o f  neighbouring v a lu e s .
This p rocess  In  f a c t  i s  sim ply a  p a r t ic u la r  a p p lic a tio n  o f  low -pass 
f i l t e r i n g  by convo lu tion  sad could  bo implemented d i r e c t ly  u s in g  th e  
g en era l convo lu tion  ro u tin e  proposed in  s e c tio n  2 .2 .1 .  I t  i s  n o t 
therefor©  ® p rocess  g e n e ra lly  a p p lic a b le  to  m agnetic d a ta  f o r  which 
th© 88®pie in te r v a l  i s  coarse  compared w ith  th e  n o ise  f re q u e n c ie s .
I t  could  he re le v a n t i s  eases where com paratively  broad fe a tu re s  a re  
sought, perhaps f o r  e sa sp le  th e  barrow d itc h e s  in  f i g  1.4* and has 
been used a t  tim es in  p lo t t in g  r e s i s t i v i t y  t ra v e rs e s  to  h e lp  d is t in g u is h  
broad o& deeper-lying f e a tu re s  from su rfa ce  n o ise .
D if fe re n tia t io n
This p rov ides a  means o f  em phasising edges and d is c o n t in u i t ie s  in  th e  
d a ta  and could provide an e f fe c t iv e  d isp la y  f o r  c e r ta in  types o f  
f e a tu re .  The g ra d ie n t a t  a  g iven p o in t i s  d efined  by Gonzalez and 
Wintz ( 1977) ao th e  magnitude o f  th e  r e s u l ta n t  v e c to r  w ith  components 
g iven  by th e  p a r t i a l  d e r iv a tiv e s  a long  th e  two a re s .  In  p re n tic e  th e  
d e r iv a tiv e s  a re  approximated by d iffe re n c e s  between th© neighbouring  
v a lu e s . This i s  c lo se ly  r e la te d  to  h igh -pass  f i l t e r i n g  bu t d i f f e r s  
from a  sim ple convolu tion  in  th a t  e i th e r  th© mean square o r  th© t o t a l  
ab so lu te  value o f  th e  d iffe re n c e s  i e  found, r a th e r  th an  th e  sim ple 
d iffe re n c e  fro® th e  neighbours.
To t e s t  f o r  g ra d ie n ts  which exceed a  s ta te d  th re sh o ld  would probably  
be th e  most e f f i c i e n t  means o f  e x tra c t in g  i ro n  sp ik es  from m agnetic 
d a ta , and i s  e f f e c t iv e ly  th© method used a t  p re se n t in  v is u a l  i n t e r ­
p r e ta t io n  o f  th e  survey c h a r ts .  Again, more c lo s e ly  sampled d a ta  would 
be needed f o r  a  r e l i a b le  computer im plem entation o f  such a  t e s t  because 
most iro n  sp ik es  a re  too narrow to  be recognized  c le a r ly  in  th e  c u r re n tly  
a v a ila b le  sampled d a ta .
The second d e r iv a t iv e  o f  th e  d a ta  i s  o f te n  req u ired  in  q u a n ti ta t iv e  
geophysical in te r p r e ta t io n  end may he approxim ately determ ined e i th e r  
by convolu tion  o r  frequency domain techn iques. The second d e r iv a tiv e  
o f  p o te n t ia l  f i e l d  read in g s  g iv es  an in d ic a tio n  o f  th© form o f  the  
b u rie d  s tru c tu re  and th e re  i s  co n sid e rab le  l i t e r a t u r e  on methods o f 
c a lc u la tio n  and r e la te d  techniques f o r  f in d in g  upward and downward 
co n tin u a tio n s  and th e  anom alies from a r b i t r a r y  bodies (eg  B hsttacharyya 
1978* Hahn 1976). As noted  in  s e c tio n  1.4*1 q u a n ti ta t iv e  r e  m ilts  o f  
t h i s  k ind  a re  o f  l i t t l e  d i r e c t  re lev an ce  in  most a rch aeo lo g ica l survey 
in te r p r e ta t io n .
There i s  so c e r ta in  method o f  excluding  th© read in g s  caused by s c a t te re d  
p ieces  o f i ro n  end they  form a  m ajor-hazard  in  p ro cess in g  m agnetic 
d a ta . The v ario u s  p o ss ib le  a l te r n a t iv e s  to  t e s t in g  th e  g ra d ie n t 
(above) would ag a in  on ly  be p a r t i a l l y  e f fe c t iv e  w ith  a  co arse  sample 
o f  th e  d a ta .
On© sim ple p o s s ib i l i ty  f o r  a  survey la c k in g  s tro n g  a rch aeo lo g ica l 
anom alies would be to  p rov ide an o p tio n  to  s e t  read in g s  which exceed 
a  s ta te d  value to  se ro  r a th e r  than  to  th e  maximum p lo t t in g  le v e l .
T his would exclude s tro n g  iro n  sp ik e s , b u t th e re  i s  no r e l i a b le  t e s t  
f o r  those  o f  magnitude w ith in  th© range o f  th e  a rch ae o lo g ic a l f e a tu re s .  
Genuine p i t s  msy a f f e c t  on ly  a  s in g le  read in g  and in  a  dot«-deneity p lo t  
p i t s  end epikee look very  much a l ik e  (compare th e  iro n  n o ise  along  th e  
tra c k  w ith  th e  p i t s  w ith in  th e  enclosure  in  f i g  2 .1 ) .  Low-pass 
f i l t e r i n g  would spread  th e  e f f e c t  o f  th e  sp ik es  b u t a lso  b lu r  th© 
p ic tu re .
Given a  c lo s e r  oasaple (eg  m etre) i t  would be p o s s ib le  to  t e s t  e i th e r  
th e  g rad ien t w ith  mor© r e l i a b i l i t y ,  o r  e ls e  to  t e s t  f o r  some em p irica l 
com bination o f  h e ig h t and w idth  c h a r a c te r is t i c s ,  and s u b s t i tu te  ©thor
valu es  where n ecessary  "before th e  s a in  p ro cessin g . The B u b stiiu ted  
value could  sim ply b© th e  mean o f  an a r b i t r a r y  s e t  o f  neighbours o r ,  
as  suggested  by S c o lla r  (1970b), th e  v s lu es  ccmld be taken  from a  low 
o rd e r f i t t e d  su rface  o r  found by very  low -pass f i l t e r i n g .
Ifost ©f th e  p r a c t ic a l  work so f a r  has been w ith  r e s i s t i v i t y  d a ta  
where w ild  values do n o t u s u a lly  occur.
Tko minimum sam pling in te rv a l  req u ired  f o r  complete re c o n s tru c tio n  o f  
an image i s  found by co n sid e rin g  th e  e f f e c t  o f  th e  sam pling In te rv a l  
on ib® F o u rie r t r a n s f e r .  I f  th© sam pling In te rv a l  i s  Ax th e  transfo rm  
o f  th® sampled d a ta  i s  p e r io d ic  and re p e a ts  a t  in te rv a ls  1/Ax *
A djacent p e rio d s  o f  th© tra n s fo m  w i l l  therefor©  overlap  u n le ss  1/Ax 
g x q o o & q  tw ice th© maximum frequency o f  th© transfo rm , o r  Ax i s  lo se  
t h a n  h a l f  th© minimus w avelength. This r e s u l t  i s  known as  th e  W h iitak er- 
Shasaon sam pling theorem (G o n z a le z  a n d  W to ts ,  1977)*
Only on© p erio d  o f  a  F o u rie r  t ra n c fo m  i s  needed to  re c o n s tru c t an 
image, end i f  th© p erio d s  overlap  th an  th® transfo rm  in  any in te rv a l  i s  
co rru p ted  a t  th© edges by a d jo in in g  p erio d s  so th a t  h ig h  frequency 
in ftaa & tio n  i s  l o s t  and th® image b lu rre d .
I t  fo llow s from th e  sampling theorem th a t  to  o b ta in  th® maximum 
in fo rm ation  from a  survoy th© i n i t i a l  f i e l d  d a ta  c o l le c t io n  should 
id e a l ly  bo arranged  so th a t  read ings a re  taken  a t  in te rv a le  corresponding  
to  h a l f  th© w idth o f  th© sm a lle s t d e te c ta b le  f e a t u r e .  The l im i t  o f  
r e so lu tio n  f o r  th© fiu rgai®  aa& ieto& eter i s  about J  m etro f o r  a  shallow  
fe a tu re  in  good c o n d itio n s , which w o u ld  mean a  c e s ip le  spacing  o f  i  m etre . 
T h is re s o lu t io n  i s  n o t achieved  a t  a l l  s i t e s  b u t ther© ar® few  surveys 
i n  which fe a tu re s  1m wide a re  n o t v i s ib le  in  th® t r a c e s .  To produce a  
computer p lo t  o f  q u a l i ty  equal to  th© tra c e s  f o r  a  sit©  g iv in g  1 metro 
re s o lu tio n  would th o re fo re  re q u ire  read ings recorded  on s  | a  g r id .  In  
o th e r  s i t e  c o n d i t i o n s  th© in te rv a l  s i g h t  b e  in c re a se d . Ralph o t  a l  
( 196s )  d escrib e  th e  survey procedure used to  lo c a te  rem ains o f  a  Greek 
c i t y  b u rie d  tmdor 6m o f f lo o d  p la in  alluvium  on th© P la to  o f  Sybarie 
to  sou thern  I t a ly .  The c a lc u la te d  h a l f  w idth  o f  ty p ic a l  anom alies 
(from f i r e d  c la y  t i l e s  and w a lls )  m s  6m which would r e q u i r e  Bompling 
a t  3® spacing . In  f a c t  read ings were taken  a t  2m spacing  on t r a v e r s e s
vapour m agnetom eters.
Th© fluxgat©  would b© quit© in s e n s i t iv e  in  such co n d itio n s  b u t m  h a v e  
n ev er in  t h i s  c o u n t r y  mot a rc h e o lo g y  deeper than  th© i m o d i a t o  s u b s o i l  
(excep t o c c a s io n a lly  under sand dunes), and much f in e r  re s o lu t io n  i s  
u s u a lly  p o s s ib le . Th© a c tu a l  tra v e rs e  spacing  uo©d i s  i n  pr&ctic® 
more o f te n  a  fu n c tio n  o f  th© sis© o f  th© sit©  and th© number o f  
t r a v e r s e s  & h a t can b e  m ik e d  i n  a  w eek than  o f  th© anomaly w id th .
Where p o ss ib le  1m spacing  i s  used b u t 2a and, more d e sp e ra te ly , 5m have 
been t r i e d .  I n te rp r e ta t io n  o f  th© c h a r ts  i s  s t i l l  p o ss ib le  b u t d e ta i l  
r a p id ly  diminish©© and a t  5® only  a  g en era l in d ic a t io n  o f  th e  presence 
o r  absence o f  th® a r c h a e o lo g y  i s  o b ta in ed . S u ch  methods a re  t h e r e f o r e  
a p p ro p ria te  in  eases irkera th© i n i t i a l  a rch aeo lo g ica l problem i s  posed 
i n  such term s. M ore commonly w© a re  asked to  supply  a s  much d e ta i l  a s  
p o s s ib le , b u t  a t  p re sen t w ith  read ings logged a t  1m spacing  th© f u l l  
p o te n t ia l  d e t a i l  i s  n o t a v a ila b le  in  th e  computer p lo t s .
With th e  e x is t in g  f i e ld  equipment th© prim ary reco rd  o f  t h e 's u r v e y  i s  
provided by th© paper c h a r t r©oor&er, w ith  an a u x i l ia ry  d i g i t a l  tap e  
re c o rd e r  which i s  l im ite d  by i t s  s p e e d  o f response to  reco rd in g  a t  in  
in te r v a ls .  One© i t  i s  p r a c t ic a l  to  complete a l l  ro u tin e  su rvey  r e s u l t s  
o th e r  a r r a n g e m e n ts  m ight be p re fe ra b le . The immediate c h a r t  t r a c e  
would n o t be e s s e n t ia l  s o  long  a s  somo to r s  o f  o n - s i te  d isp la y  took i t s  
p la c e . Readings could  in s te a d  b© recorded  in  a  e o lid -s ta t©  memory which 
could  b© t r i g g e r e d  as  o f te n  as  re q u ire d , perhaps in  th e  s im p les t cas© 
by m arkers on a  s t r in g  s tre tc h e d  ac ro ss  th© tra v e rs e .  Such a  system 
would have ho moving p a r ts  and so b© com pletely  n o n -m a g n o t ic .  I t  could  
therefor©  b® c a r r ie d  w ith  th© magnetometer, s o  a b o lish in g  th© v ery  
troublesom e t r a i l i n g  le a d  and g re a t ly  speeding th© work. At in te r v a ls  
th e  r e a d in g  could  b© read  from th© aes&osy to  a  m icro -p ro cesso r in  th©
end tra n s f e r r e d  to  m agnetic top© f o r  l& to r computing.
In  a  system o f  t h i s  k in d  fiol&work end p ro cess in g  would bo in te g ra te d  
b o  th a t  f u l l y  d e ta i le d  computer p lo ts  could  be produced w ith  no 
a d d it io n a l  la b o u r . To c o n s tru c t such equipment would be a  lo g ic a l  
co n tin u a tio n  ©f tb s  p ro sen t p ro je c t ,  b u t f o r  th© moment th© computer 
p lo ts  a ro  l im ite d  to  a  th e o r e t ic a l  r e so lu tio n  o f  about 2 m etros.
2 .4  Edge H atching
Th© survey read in g s  o f te n  o r i g i n a t e  in  em ail s e c tio n s  which a re  n o t 
n e o e g sa rily  convenient f o r  p ro cess in g . A f te r  each break  in  th© survey 
t h e r e  i s  l i k e ly  to  be some v a r ia t io n  in  in strum ent s e t t in g  o r  response 
which w i l l  (mus© a  change in  p lo t  d e n s ity  u n le ss  c o rre c te d , and so a  
program i s  needed t o  combine se c tio n s  o f  e q u a lise d  d a ta  i n t o  a  processing* 
f i l e .
Th© c o rre c tio n  most o f t e n  r e q u i r e d  i s  a ©impl® a d d itiv e  s h i f t  in  th© 
le v e l  o f  t h e  re a d in g s . Th© flurg&t© has n o  f i x e d  soro  and i s  l i a b le  
to  d r i f t  s l ig h t ly .  Th© s o t t in g  w ith in  a  30 a e tr©  survey  square may b© 
regarded  a s  c o n s ta n t, b u t th© le v e l  f o r  th e  day w i l l  depend on th© 
a r b i t r a r y  i n i t i a l  ad justm en t. On th e  paper c h a r ts  a  change in  th e  zero  
s e t t in g  sim ply offset©  th© o r ig in  o f  th© p lo t ,  and t h i s  i s  c o rre c te d  
when th® p e n  i s  p o s itio n e d , b u t  th e  s o t t in g  s t i l l  a f f e c t s  th e  logged 
d a ta .
S im ila r  changes occur between se c tio n s  o f  a  r e s i s t i v i t y  s u r v e y .  The 
c a u s e 'm a y  b© a  d iffe re n c e  in  ©oil moistur© co n ten t duo to  o v ern ig h t 
r a in  e tc ,  b u t more o f te n  th e  break  happens sim ply xrhcn th e  remote 
tw in-eloctro& e probes must bo moved to  keep w ith in  rang© o f  th e  su rvey . 
V a ria tio n  in  w ater co n ten t should cause a  change in  s e n s i t i v i t y  o f  
d e te c tio n  a n d  re q u ire  c o rre c tio n  by p ro p o rtio n a l m u l t i p l i c a t i o n  r a th e r
d if f e r e n t  tim es t h i s  i s  d i f f i c u l t  to  confirm . The magnitude o f  
anom alies must vary  in  th© cours® o f  tho seasonal d isappearance o r  
re v e rs a l  e f f e c ts  d escrib ed  in  C lark  ( 1975)* b u t t h i s  does n o t u s u a lly  
seem to  be n o tic e a b le  in  tho few days req u ired  f o r  a  survey.
In  th© Honeywell survey p ro cess in g  system  a  sep a ra ta  d a ta  p ro -trea tm en t 
program se p a ra te  from th© main p ro cess in g  program was provided  to  
e q u a lise  and combine th e  se c tio n s  o f  d a ta . This program (COMBIIE? See 
Ml L aboratory  Report d /7 9 *  se c tio n s  1.4*1 & 2 .4 )  accep ts  a  l i s t  o f  up 
to  10 i n i t i a l  d a ta  f i l e s  and t r a n s f e r s  th© read ings to  s ta te d  lo c a tio n s  
in  a  s in g le  ou tp u t f i l e ,  which ©ay then  in  p r in c ip le  b© processed  
complete w ithout tho  need to  run  th e  programs rep e a te d ly  f o r  th© 
d i f f e r e n t  s e c tio n s .
The read ings in  th e  f i l e s  nay be eq u a lise d  accord ing  to  mean v a lu es 
c a lc u la te d  e i th e r  from each complete f i l e  o r  from th© reading® i s  th e  
row o r  oolvim  a t  th e  edge a d jo in in g  th© s o r t  f i l e .  E i th e r  tho  
d iffe re n c e  in  mean v a lu es i s  added to  tho  f i l e  to  b© c o rre c te d , o r  th© 
read ings a re  m u ltip lie d  by th© r a t io  ©f th© to s s  m in e s .
I f  th® mean v a lu es  ©f th® complete f i l e s  ( r a th e r  th an  edges) &r© to  be 
equated , then  th e  in p u t f i l e s  may b@ lo c a te d  in  th e  o u tp u t f i l e  by 
co o rd in a tes  r e l a t iv e  to  e& a r b i t r a r y  o r ig in  to  th e  bottom  l o f t  o f  a l l  
th e  d a ta . Th® p r o g m  c re a te s  an ou tpu t f il©  to  co n ta in  a l l  th© 
s e c tio n s  o f  in p u t d a ta  and f i l l s  gaps w ith  b lank  m arkers (999®s ) .
Th© in p u t se c tio n s  ( f i l e s )  m y  overtop  end ther® a rc  o p tio n s  to  add, 
s u b tra c t  o r  rep lace  superimposed r@adis.gs.
I f  th© ad jo in in g  edges a re  to  be eq u a lised  th© f i l e s  m ast be e n te re d  
co n secu tiv e ly  £& row o r  column o rd e r, and th© c o r re c tio n  i s  sado 
p ro g re s s iv e ly  between each succeeding p a ir , ©f sq u ares . T h is arrangem ent
i s  n o t very  s a t i s f a c to r y  because neighbouring  rows cannot s a fe ly  bo 
assumed to  be s im ila r ,  b u t i t  was inc luded  in  th e  program because to  
c o l le c t  e x tra  read ings £xos& d u p lic a ted  edge tra v e rs e s  would com plicate 
fie ldw ork  p rocedures, © specia lly  f o r  m agnetic su rveys.
The complete program i s  cor© independent. F i le s  a rc  in p u t and output 
by reco rd s  and n o t h e ld  in  cor®, and 8© th e re  i s  m  p r a c t ic a l  l im i t  on 
t h e i r  sis© .
Only r e s t r i c t e d  u s e  has s o  f a r  been mad® o f  th® p ro g ra m . Simple o v e ra ll  
c o r r e c t i o n  i s  p robably  s u f f ic ie n t  f o r  changes i s  is s tr s s ie n t  s e t t in g  in  
m agnetic survey®, b u t i s  r e s i s t i v i t y  r e s u l t s  i n s t r u m e n ta l  e n d  
g eo lo g ica l e f f e c ts  ar© co m b in ed , and any o v e ra ll  s h i f t  i s  a s  l i k e ly  
to  croat© a s  to  c o r re c t  m y  d is c o n t in u i t ie s .  P r a c t ic a l  l im ita t io n s  to  
th© c a p a c ity  o f  th© p ro cess in g  programs have a ls o  preven ted  work w ith  
la rg o  su rveys, and s o  th e re  has been l i t t l e  a c tu a l  need to  s e t  up 
combined w o rk in g  f ile ® . With th© H o n ey w ell programs i t  i s  p o ss ib le  to  
p lo t  la rg e  su rv ey s, b u t th© system i s  t o o  ©low and ©xpsnsiv© f o r  
lasge-scal©  p r a c t ic a l  ms©. Th® S urrey  programs a rc  s e v e r e l y  cor© 
lim ite d  and so surveys must be p lo t te d  in  s m a l l  s e c tio n s  in  any case . 
Thee© a re  m ajor r e s t r i c t io n s  which th© new p r o d u c t io n  system i s  in tended  
to  ©vereoe©. To do s o  f a c i l i t i e s  e q u i v a l e n t  t o  those  o f  CGftBIHB w il l  
b© re q u ired  a s  p a r t  o f  a  mom f lox ib l©  s y s te m  o f d a ta  mtsiagement.
R ath er than  se p a ra tin g  d a ta  e q u a lis a tio n  in  a  p re -tre a tm e n t program 
i t  would b® b e t t e r  inc luded  in  th© p ro cess in g  system s. A dditive 
c o rre c tio n  i s  u s e fu l i n  boss© cases b u t a  m ore g e n e ra lly  e f f e c t iv e  
method o f  e q u a lis a tio n  i s  sim ply to  f i l t e r  th© read in g s  in  each i n i t i a l  
s e c tio n . A lte rn a tiv e ly  su b tra c tio n  o f  a  l e a s t - s q u a r e s  f i t t e d  
p o ly n o m ia l  su rfa ce  would have a  s im ila r  e f f e c t .  S c o lla r  ( 1970b) 
suggests  t h i s  a s  a  form o f  p rs- trc a tm o n t f o r  F o u rie r  tran sfo rm  d a ta
V V  U « V A U  W<A V W A l O g  V J tiM  4 ,j» \* sza , U l r U ^ S )  O V  t fX iX J  * J U £ ,V f c ? «
S u b trac tio n  o f  a  su rfa c e  i s  i n  m y  cm® a  fossa o f high, pass f i l t e r i n g ,  
and sometimes used  a s  such in  geophysical p ro cessin g . Th© c lo s e r  the  
f i t  o f  th© su rfa c e , o r  th© h ig h e r th e  polynom ial o rd e r, then  th© 
narrow er i s  th® e f f e c t  o f  th© f i l t e r .
The f a c i l i t y  f o r  gri& ~to«grid  a r ith m e tic  inc luded  in  CCMBXHB a ls o  needs 
to  be t r a n s fe r re d  in  an extended to m  to  th e  main p ro cess in g  system . 
V arious p rocesses re q u ire  a r ith m e tic  o r  lo g ic a l  o p era tio n s  between 
m u ltip le  p a r a l le l  a r ra y s ,  and t h i s  i s  n o t allow ed f o r  l a  th© d a ta  
s tru c tu re  o f  th© prev ious programs.
E q u a liza tio n  end edge m atching a re  therefor©  p ro cess in g  o p tio n s  to  b© 
inc lu d ed  in  th© f a c i l i t i e s  o f  a  comprehensive program, b u t to  do so i t  
w i l l  ba n ecessary  to  accep t i n i t i a l  d a ta  from a  s e r ie s  o f  e x te rn a l f i l e s  
r a th e r  than  a  s in g le  f i l e .  This complex in p u t procedure was in  the  
•Honeywell system included  in  a  program sep a ra te  from th e  main p ro cess in g  
ro u tin e  to  avoid  excessive  com plexity. With th e  experience gained  i t  
should  now b© p o ss ib le  to  in te g ra te  a l l  th© requirem ents in  a  s in g le  
system .
M odifica tion  o f  th e  sample in te rv a l  o f  th© d a ta  by in te rp o la t io n  i s  an 
e s s e n t ia l  f a c i l i t y  in  a  p ro cess in g  system and p rov ides a  means o f 
c o n tro ll in g  th® seal© and re so lu tio n  o f  th© p lo t .  A seal© p lo t  u s in g  
a  d isp la y  o f f ix e d  c h a ra c te r  s iz e  i s  on ly  p o ss ib le  a f t e r  i n i t i a l  
in te rp o la t io n  to  tm a r ra y  o f  s u i ta b le  dim ensions. F o r ou tpu t on a  
te le ty p e  th e  d a ta  dimensions must b© expanded to  seal© and b© c o rre c te d  
in  th® r a t io  5*5 allow  f o r  th e  p ro p o rtio n s  o f th© ty p e fa c e , and 
in te rp o la t io n  w i l l  ©iso be req u ire d  f o r  any device w ith  © f ix e d  
increm ent sis© , such a s  th e  T ek tron ix  VDU. Th© pen p l o t t e r  c u r re n t ly
u s e s  a v  o u r r o y  m i®  t s u j u s m e u v ,  b u v  e -su y  o v « r  a  A rm iv e a
sang®. A sim ple ro u tin e  to  ex tend th e  msg© by in te rp o la t io n  o f 
in te rm ed ia te  v a lu es  so t h a t  th© d a ta  dimensions a re  doubled i s  included  
in  th® program s, b u t a  more cemprchonsive in te rp o la t io n  f a c i l i t y  would 
be p re fe ra b le  and would allow  c o n tro l o f  th e  dot s i m  and ( to  seme 
e x t e n t )  th e  re so lu tio n  independently  o f  th e  s c a le  o f  th e  p lo t .
Th© in te rp o la t io n  ro u tin e s  in  th© Honeywell system prov ide a  p o ss ib le  
model f o r  th e  p roduction  p ro g re ss . Th© ©samples to  f i g  2 .8  show 
something o f  th e  e f f e c t ,o f  in te rp o la t io n  on image q u a l i ty .  F o r v is u a l  
c l a r i t y  p lo ts  should  b© la rg o  compared w ith  th© elem ents o f  th© 
d isp la y , ©ad th© coarseness o f  a  te le ty p e  means t h a t  p lo ts  a s  la rg e  as  
p o ss ib le  a re  re q u ire d . The fragm ented anom alies a t  th s  top  o f  th© LH 
square to  2 .8  ( i )  wero th e re fo re  r e p lo t te d  a t  tw ic e  th© sc a le  a s  seen 
t o  2 .8  ( i i ) .  The f i l t e r  ra d iu s  was in c re a sed  from 3 to  4 to  emphasis© 
c o n tin u ity , and th e  s a tu ra t io n  p lo t t in g  le v e l  reduced from 2 to  1 .5  
s tan d a rd  d e v ia tio n s  to  s tren g th en  th s  anom alies, b u t th e  quit© 
convincing s tepped  o u tlin e  o f  a  b u ild in g  which r e s u l t s  would n o t have 
been reso lv ed  w ithou t th© change o f  s c a le .
The ou tpu t v a lu es ar© c a lc u la te d  by d i r e c t  l in e a r  in te rp o la t io n  between 
rea d in g s . This i s  sim ple to  p r in c ip le  and th© f in a l  c a lc u la t io n  i s  
done to  a  s in g le  program sta tem en t, b u t to  in co rp o ra te  th e  procedure 
t o  a  workable p ro g ra m  re q u ire s  some e la b o ra tio n . A ll th e  su b ro u tin es  
involved  may be c a l le d  e i th e r  from th e  core -  l im ite d  in te r a c t iv e  system 
o r ,  a s  f o r  each o f  th e  o th e r  p ro cess in g  o p tio n s , from a  sep a ra te  co re -  
independent program, to  t h i s  case IKTEBF, which allow s f i l e s  o f 
u n lim ited  s iz e  to  be p rocessed . (See AM L aboratory  Report Gl/79? se c tio n s  
1 .5*2, 1 .6 .2 , f o r  o p e ra tin g  in s tru c t io n s  and 2 .5 .4 ,  2 .6 .2  f o r  program 
n o te s ) .
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Fig 2 .8 Fountains Abbey; r e s i s t iv i t y  survey
dono by th© s u b r o u t i n e  SCALES on th© b a s is  o f  th® c h a r a c t e r  e ls e ,  
se p a ra tio n  o f  o r ig in a l  read ings and th e  s ta te d  p lo t  s c a l e .  I f  th© f in a l  
dimensions exceed th® ©or® ©pace in  th© i n t e r a c t i v e  v e rs io n  th e re  i s  
an  op tio n  e i t h e r  to  r e o p s c i f y  th e  sc a le  o r  t o  tak e  a  e m a il  e r  s e c tio n  
o f  th© i n i t i a l  d a ta . Because o f th© le n g th  o f  th i s  su b ro u tin e  i t  i s  
h e ld  in  a  se p a ra te  o v erlay  f i l e  f ro a  th e  p ro cessin g  ro u tin e s .
I n  th e  p ro cessin g  o v erlay  th e  f in a l  in te rp o la t io n  su b ro u tin es  a re  c a l le d  
fro m  a c o n tro l ro u tin e  STEESOH. T his e x tr a c ts  read ings by rows o r  
e o lu m s a s  n ecessa ry  from th© main 1-d im ensional d a ta  a rm y  and t r a n s f e r s  
them t o  a  p ro cess in g  b u f fe r .  The in te rp o la t io n  su b ro u tin e  i s  c a l le d  
end then  th e  ou tpu t i s  r e d is t r ib u te d  to  th© ou tpu t s e c tio n  o f  th e  Esain 
a r r a y *  A d i f f e r e n t  p ro o e d n n e  i s  needed in  th e  cos© independent v e rs io n  
(below ).
The f in a l  in te rp o la t io n  occurs in  one o f  two a l t e r n a t i v e  ro u tin e s  which 
d i f f e r  in  t h e i r  trea tm en t o f  b le a k  v alu es t
XRTEB1 in te rp o la te s  read ings ac ro ss  b lanks (masked u s u a lly  by 999*©) 
from th© n e a re s t  n o m -b la tik  neighbours. These a re  lo c a te d  by a  s e a r c h  
procedure b e fo re  in te rp o la t io n  a n d  th e  d is ta n c e s  from th e  o u t p u t  
p o s it io n  to  th© in p u t read ings a d ju s t e d ,  a s 'n e e e s s & x y *  I f  th e  b lenks 
oocur a t  th® end o f  th e  row p rev ious n o n - b la n k  valu es  a s e  e x t r a p o la t e d *  
This- su b ro u tin e  may b@ used to  f i l l  gaps in  th® d a t a  even i f  th e se  i s  
n o  c h a n g e  in  th©  dim ensions.
Xn.II§TE32 th© b lanks a re  r e t a i n e d  i n  th© o u tp u t. Bach ou tpu t p o s it io n  ' 
whose n e a re s t  n e ig h b o u r  in  th e  in p u t i s  b lank  i s  s e t  to  b lank  and th© 
r e m a in in g  v a lu e s  in te rp o la te d .
The a d d i t i o n a l  com plication  when th© s u b r o u t i n e s  &r© © ailed from th© 
core-independent r o u t l n o  XIITEBP i s  th a t  i n t e r m e d i a t e  r e s u l t s  must bo
I t  could  b© don© by read in g  th© complete f i l e  f o r  each column b u t th e  
num ber o f f i l e  access©© w o u ld  then  bo e x c e s s iv e  and e q u a l  t o  th e  
number o f  reading®» A b e t to r  procedure i e  to  use a  m ore e f f i c i e n t  
ro u tin e  to  r o ta te  th© f i l e  9 0 °  and th en  to  p r o c e s s  th© column© a s  rows.
Hunt (1972) co n sid e rs  t h i s  problem o f  tra n sp o s in g  a  m a trix  l a r g e r  than  
th© core ©pace in  connection  w ith  F o u rie r  transform s which a re  s im ila r ly  
calcu la ted , by row® and then  colussns. E© suggests  read in g  a  1024 x  1024 
a r ra y  to  h is  a v a ila b le  262K o f  ooro in  s e v e r a l  s e c t io n s ,  r o t a t i n g  each 
s e c tio n  to  co re , and socembtotog in an  ou tpu t f i l e .  E© a ls o  g iv es  
a  re fe re n ce  t o  a  tra n s p o s it io n  t e c h n iq u e  which re q u ire s  random access  
to  on ly  tw o row s o f  th e  m atrix  a t  a  tim e (H duadh 1972) ,  a l th o u g h  t h i s  
works only  f o r  a  square m atrix  o f s id e  le n g th  2n,
The s o lu tio n  adopted t o  t h e  Honeywell p ro g ress  w ith  on ly  J2Z o f  cor® 
m o  t o  use a  system ccszs&nd to  read  th e  d a ta  t o  1260 word b locks r a th e r  
th an  by in d iv id u a l ro co rd s . Inpu t and ou tpu t b locks ar© h e ld  in  sep a ra te  
b u f fe rs  and v a lu es t r a n s f e r r e d  between co in c id en t position© . F or H 
read in g s  th® msubcr o f  f i l e  access©© i s  (H/1260) which i s  e f f i c i e n t  
so lo n g  a© H/1260 rem ains f a i r l y  em ail, which i t  does to  p r a c t ic e .  For 
N ** 1260 th® number o f  accesses  would bo If, and to p o ss ib ly  la rg o , b u t 
th a t  i s  two o rd e rs  o f  m a g n itu d e  g re a te r  t h a n  c u rre n t su rvey  dim ensions.
The ro ta t io n  sub rou tine  TWIST i s  c a l le d  a u to m a tic a lly  by XETEEF, b u t 
may a ls o  be c a l le d  through a  main program ROTATE to  tran sp o se  any o th e r  
re q u ire d  f i l e .
These s u b r o u t i n e 0 allow  ac cu ra te  c o n tro l o f  th© p lo t t in g  seal© f o r  
t e l e t y p e  d isp la y , end prov ide f o r  in te rp o la t io n  to  m y  l a r g e r  (o r  © sa ile r)  
seal© lim ite d  only  by th e  dim ensions o f  th© d a ta  b u f fe r s  ( s o t  a t  500 
r e a d in g s ) . T ho ir main disadvantage i s  th a t  f o r  la rg o  changes o f  seal©
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o f  f e a tu re s .  I s  f i g  2«9 th e  e u w e j  o f  Shalfozd  manor vm.® p lo t te d  a t  
tw ice th e  seal© o f  f i g  2 .4  &nd 4 t in e s  th a t  o f  f i g  2*5* ^hs in d iv id u a l 
c h a ra c te rs  a re  le e s  o b t r u s i v e  in  th e  l a r g e r  p lo t  b u t th e  a d d it io n a l 
in te rp o la t io n  has rounded th© co m ers  and caused th e  edges to  fade 
g ra d u a lly  through low er read in g s . Sharpness could  perhaps be p a r t i a l l y  
re s to re d  by f i l t e r i n g  a f t e r  in te rp o la t io n  b u t th© e f f e c t  would ho 
confused by th© asymmetry o f  th© ou tpu t array ; and th© number o f  
read ings to  b© f i l t e r © !  i s  g r e a t ly  in c re a se d . A b e t t e r  e o lu iio a  
would be to  use an in te rp o la t io n  procedure which g ives a  mom a c cu ra te  
re p re s e n ta tio n  o f  v a r ia t io n s  when th e  d a ta  i s  s u b s ta n t ia l ly  expanded.
... o
A h ig h er o rd e r  g en era l polynom ial in te rc a la tio n  would perhaps improve
on th e  s p e c ia l  case o f  l in e a r  in te rp o la tio n ^  and could  be found through
Lagrange*® in te rp o la t io n  forssula which f i t s  anN-1 degree polynom ial
through each W d a ta  p o in ts  (eg  Bom & KeCmoken, 1972? M cCalla, 19^7)®
5?ho g e n e ra lly  raccasaeadsd method f o r  geophysical use however appears
to  b© in te rp o la t io n  w ith  dubic sp lin e  fu n c tio n s . S c o lla r  ( 1970b)
suggests  t h i s  a s  a  method o f  ex tend ing  d a ta  a r ra y s  to  avo id  ©dg© e f f e c ts
in  f i l te r in g *  and th© more g en era l geophysical a p p lic a tio n s  o f  th e
techniqu© a m  d escrib ed  a t - l e n g t h  by B h a t ta c b a x y y a  (19^9)® ^h©
procedure invo lves f i t t i n g  a  cubic polynom ial piecew ise th rough  th©
d a ta  b u t m ain ta in in g  c o n tin u ity  o f  f i r s t  and second d e r iv a tiv e s  a t  each
o f  th© i n i t i a l  d a ta  p o in ts . The c o n tin u ity  o f  curm tur® . makes i t  th e
sm oothest fu n c tio n  which in te rp o la te s  th© read ings 9 end i t s  a c t io n  i s
cosparablo  to  th a t  o f  a  draftsman®s m echanical s p lin e .  There i s  a
d e s c r ip tio n  o f  th© method and a  spoolmen F o r tra n  program l i s t i n g  in
Forsyth© ©t a l  (1977)®
Before an a r ra y  o f  d a ta  i s  displayed values corresponding to  th e  density 
levels o f  th© p lo t  must ho assigpaed to  the re a d in g s« Ad^ustss&t o f  th® 
rang© and d is t r ib u t io n  o f  th© le v e ls  allows co n sid e rab le  c o n tro l o f 
th© f in a l  q u a l i ty  and co n ten t o f  th© plot.
O ccasionally  th© f a l l  rang© o f  th© d a ta  i s  sim ply d iv id ed  in to  th© 
req u ired  u m b e r  o f  le v e ls  and p lo tted *  hu t more u s u a lly  maximum and 
minimus c u t - o f f  le v e ls  a re  s p e c if ie d . Readings which exceed th e  maximum 
s r a  a s s i s te d  to  th e  h ig h e s t (o r  most dens©) d isp la y  lev e l*  and those 
below th e  minim® to  th e  low est o r  lightest. The c u t - o f f  v a lu es may 
he d efin ed  d i r e c t ly  by t h e i r  num erical v a lu es  h u t e re  o f te n  more 
conven ien tly  s ta te d  in  statistical tessas.
Th© readings! w i l l  u s u a lly  fozm a  roughly  normal d is t r ib u t io n  s l ig h t ly  
distorted by th e  p resence of anom alies. S ig n if ic a n t  anom alies a re  
u s u a lly  p o s itiv e*  b u t may be n eg a tiv e  ( r e l a t iv e  to  th© mod© o f  the 
d is tr ib u tio n )*  etspooi&IXy in  some r e s i s t i v i t y  su rveys. Th© peak o f  
th© d is t r ib u t io n  m y  therefor©  b© s l ig h t ly  skewed in  th© d ire c t io n  o f 
th© anomalies or* i f  th© e n cn a liee  ax© v ery  d i s t i n c t  th© d is t r ib u t io n  
may become blm odal. Anomalies a t  th© mod© o f  th® d is t r ib u t io n  cannot 
b@ d is tin g u is h e d 'from background noie© in  te rn s  o f  magnitude* b u t may 
in  p r in c ip le  b© sep a ra ted  through f i l t e r i n g  i f  th ey  have d i s t i n c t  s p a t ia l  
c h a r a c te r is t i c s .  In  p ra c t ic e  a  p lo t t in g  rang© which d isc r im in a te s  in  
fav o u r o f  aacssaliGS a t  th e  expans© o f  no iso  can u s u a lly  b© d e fin ed .
Th© rang© may. 1b© s p e c if ie d  in  term s o f  s tan d a rd  d e v ia tio n s  about th e  
mean. F or a  normal distribution 95% o f th© readings 11© w ith in  ± 2  
s tan d ard  dev ia tions*  and this prov ides a useful maximum c u t - o f f  le v e l  
for i n i t i a l  t o s t  p lo ts  which i s  then  i f  n ecessa ry  r e f in e d .  A p lo t  o f  
th© f u l l  range would b© f i l l e d  a t  th© medium d isp la y  le v e ls  by v a lu es
from a  valu© n e a r  th e  moan in  th© d ire c t io n  c f  th© anom alies. F ea tu res  
may then  bo seen a g a in s t  a  r e l a t iv e ly  c le a r  background b u t two p lo ts  
a re  n ecessary  i f  p o s it iv e  and n eg a tiv e  anom alies a re  to  b@ d isp lay ed .
In  each v e rs io n  o f  th e  program th@r@ i s  a  ro u tin e  to  c a lc u la te  th e  
s t a t i s t i c a l  r e s u l t s  needed to  s e t  th e  p lo t t in g  rang®.
In  th e  Honeywell programs tk©r© a re  tw© version® ©f th e  s t a t i s t i c a l  
su b ro u tin e! on© o f  them (STATS; H I- L a b o r a to r y  Eeport G1/79 se c tio n s  
1.5*4 end 2.5*6) fo m s  p a r t  ©f th© in te r a c t iv e  p ro cess in g  system* and 
th e  o th e r  (STATS2* s e c tio n  2 .6 .4 )  m ain ta ins accum ulated to t a l s  
through rep ea ted  f i l e  accesses  and i s  c a l le d  from th e  core-independent 
program EST1GER (G1/79 se c tio n s  1 .6 .5  and 2 .6 .5 )*  ST ATS 2 may a ls o  bo 
r u n  under a  se p a ra te  m ain  program SIGMA (G1/79 section®  1 .6 .4  and 
2 .6 .4 * )  to  re tu rn  s t a t i s t i c a l  r e s u l t s  on''any f i l e  independently  o f  th© 
p ro cess in g  program s. Th© values re tu rn ed  ar© f o r  th© maximum, miaoiririm* 
mean and stan d a rd  d e v ia tio n  o f th e  d a ta  ( to g e th e r  w ith  th© number o f 
b lank  va lues excluded). Th® stan d a rd  d e v ia tio n  ( o r  r .m .s .  v a rian ce  about
th e  moan) i s  found from th© stan d a rd  form ula
/ ~2. - 2 \& 
d  *s ( X ~ X )fe
where x  denotes th o .m e a a  o f  th e  d a ta . The subroutine©  which s e t  th e  
p lo t t in g  le v e ls  t a  th e  s t a t i s t i c s  ar© d escrib ed  in  section®  1 .5 * 5  
and 2.5*7 o f  th e  r e p o r t .
Th© histogram  program which i s  req u ired  to  a llow  th© p lo t t in g  range to  
b© defin ed  from e x p l ic i t  and d e ta i le d  knowledge o f  th© d a ta  d i s t r ib u t io n  
reached th e  s tag e  o f  a  f i r s t  d r a f t *  b u t has cinco  w aited  f o r  In c lu s io n  
in  th© forthcom ing p roduction  programs r a th e r  than  w ith  th© e x is tin g ^ , 
system .
y r'vr*
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Fig 2*10 Danby Wiske, Yorks.
Magnetic survey o f  Iron Age s e t t  lenient showing hut 
c ir c le s  and en closu res.
F ilte r  radius 3
Range moan to  mean + 1 .5  standard deviations
s t a t i s t i c a l  r e s u l t s  s im ila r  to  th ese  o f th e  Honeywell programs a re  
c a lc u la te d  end p r in te d  by th e  S urrey  p lo t t in g  rang© ro u tin e ,  b u t th e  
va lues r e f e r  on ly  to  d a ta  c u r re n tly  i s  co re . T his causes d i f f i c u l ty  in  
a  p lo t  such a s  f i g  2 .10 i s  which a  s tan d ard  trea tm en t wag g iv e s  to  each 
o f  th e  s e v e ra l s e c tio n s  which were l a t e r  jo in ed  to  form th e  complete 
p lo t .  Thor© a re  s tro n g  anestalfee i s  p a r t  o f  th® p lo t  and en c lo su res 
sad  h u t c i r c le s  a re  v i s ib le ,  b u t none in  o th e r  s e c tio n s . Th© e f f e c t  
o f  app ly ing  th© same s t a t i s t i c a l  l im i ts  to  a l l  th e  s e c t io n s ,  b u t u s in g  
lo c a l ly  c a lc u la te d  s t a t i s t i c s ,  i s  to  d e fin e  a  narrow er p lo t t in g  rang© 
where ancs& lies a re  a b se n t. T his r a is e s  th© random background nolo® 
in to  th© p lo t t in g  rang© and g ives a  much n o is ie r  p lo t  than  in  th® 
se c tio n s  w ith  anom alies. T his could  have bees avoided by making t e s t  
p lo ts  o f  each se c tio n  and v is u a l ly  a d ju s tin g  th e  nois® le v e ls ,  b u t i t  
would b© f a r  lo s s  lab o rio u s  to  c a lc u la te  th© s t a t i s t i c s  from th© 
complete survey .
I t  i s  one o f  th e  main o b je c ts  o f  in te r a c t iv e  p ro cess in g  to  d e fin e  th e  
p lo t t in g  rang© e m p iric a lly  in  t h i s  way, b u t th e  p r a c t ic a l  scope o f 
in te r a c t iv e  experim ent i s  l im ite d  by th© speed o f  th© d isp la y .
I t  i s  only  through adjustm ent o f  th© minimum c u t- o f f  le v e l  t h a t  random 
^ c o r r e l a t e d *  background n o ise  which (a s  s ta te d  in - s e c t io n  2 .2 .1 .  
above) i s  s p a t i a l ly  id e n t ic a l  to  th© sm a lle r  anom alies can bo excluded. 
F ig  2.11 shows th e  v is u a l  e f f e c ts  o f  d i f f e r e n t  p lo t t in g  ran g es. Th© 
o b je c t her© was to  t e s t  w hether th© anom alies a t  th e  c e n tre  o f th© 
r e s i s t i v i t y  survey m ight re p re se n t th e  rem ains o f a  Homan v i l l a .  In  th© 
i n i t i a l  p lo t  ( i )  w ith  a  p lo t t in g  rang© fro n  moan to  mean p lu s  2 s tan d a rd  
d e v ia tio n s  th e  anom alies a re  r& thar weak. They a re  s tren g th en ed  in  
(a )  w ith  th e  maximum c u t- o f f  reduced to  1 s tan d a rd  d e v ia tio n  b u t a re  
s t i l l  fragm entary . In  ( l i i )  th e  low er c u t - o f f  i s  low ered to  iscaa -  4
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c o n tin u ity  o f th e  fea tu re s*  Tbs n o i s e  l e v e l  i s  increased in  ( i l l )  by 
m in e s  below th© m e m  o f  th© d is tr ib u tio n *  b u t th© p lan  o f  th© central 
anom alies is  s t i l l  v e ry  d iffu se*  I t  appears th a t  any r o b i n s  which 
occur a re  probably  th en  in  a  very poor s ta te  o f  p re se rv a tio n .
A r i s e  i n  th® minimum p lo t t in g  l e v e l  w il l  i n  general r e d u c e  th© nolo© 
le v e l  b u t a t  r ic k  o f  lo s in g  anomalies* and a  red u c tio n  in  th e  maximum 
w i l l  s a tu ra te  th© p lo t  b u t reduce th© d isc rim in a tio n  between d if f e r e n t  
s tre n g th s  o f  f e a tu re .  F u r th e r  adjustment of th© reopens© i e  p o ss ib le  
by u s in g  n o n - lin e a r  p lo t t in g  le v e ls  a s  determ ined by a  su itab le  
fu n c tio n . A p lo t  o f  th© equar© ro o t o r  lo g  o f  th© read ings w il l  
cosiproes h igh  v&Xuoe in  r e la t io n  to  low* a n d  exp o n en tia ls  have th e  
opposite  e f f e c t .
In  th e  Surrey  programs th e re  i s  a  f a c i l i t y  to  expand th e  d a ta  
ezpo&ontiaXXy a s  on© o f  th e  o p tions in  th e  p lo t t in g  lev©! ro u tin e  
(w ritte n  by Dr L J u l io n ) .  This s u b s t i tu te s  th e  value  
X* -  X e s p  (R(X-X m ar))
f o r  each read in g  X, where X  m x  i s  th© maximum vain© in  the d a ta . The 
rat©  o f  incress©  may be c o n tro lle d  by a d ju s tin g  th e  va lue  o f  E. T his 
o p tio n  p rov ides an e f fe c t iv e  and precis©  a lte rn a tiv e  to  r a i s in g  th e  
minimum c u t- o f f  le v e l  f o r  ex p ress in g  background noise* b u t ag a in  c a re fu l  
adjustm ent i s  s©@d©d i f  fe a tu re s  a re  n o t to  b@ l o s t .  Th® e f f e c t  o f  
t h i s  procedure on th© contrast o f  th© p lo t  i s  shown in  f i g  2 .12 .
In  th e  Honeywell programs ©a experim ental n o n - lin e a r  o p tio n  was inc luded  
in  which th© need to  c a l l  a  fu n c tio n  ro u tin e  f o r  each read in g  I s  
avoided by m atching th© v a lu es  a g a in s t  a  p s e -e e t  n o n - lin e a r  l i s t  ©f 
p lo t t in g  m nges .  I t  io  ©Iso p o ss ib le  to  s ta t e  a r b i t r a r y  l im i t s  to  each 
d e n s ity  lev© !. The program re q u ire s  m o d ifica tio n  imd th© e x tra  
com plexity o f t h i s  approach i s  probably  n o t j u s t i f i e d  by th e  p o s s ib le
• 5 -vVIr •
L \« .
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( i )  R » 0
( l in e a r  
p lo t )
( i i  ) R « 0.01
( i i i ) R *0.025
1:500
2*12 Avebury} r e s i s t iv i ty  survey
P lo ts  showing e f f e c t  o f  exponential expansion on n o ise  l e v e l .
A stan d ard  procedure ue©& in  image p ro cess in g  to  o b ta in  c o n tr a s t  
v a r ia t io n s  s im ila r  to  those  d iscu ssed  hero i s  h istogram  m o d ifica tio n  
(d esc rib ed  in  Gonsalez & If Ants, 1977)® l a  t h i s  th© elem ents to  b© 
p lo t te d  a t  any g iven  d e n s ity  le v e l  ar© rapped to  an o th e r l e v e l ,  fh ey  
m y  bo r e d is t r ib u te d  acco rd ing  to  © s ta te d  p ro b a b il i ty  d e n s ity  fu n c tio n  
o r  assig n ed  a r b i t r a r i l y  to  d i r e c t ly  s p e c if ie d  v a lu e s , fh e  o b je c t i s  
u s u a lly  to  expand th e  c o n tra s t  range o f  th e  imago, c i t h e r  un iform ly  o r  
s e le c t iv e ly  f o r  l ig h t  and dark le v e ls .  An eq u iv a len t r e s u l t  i s  ob ta ined  
in  th e  Honeywell and S urrey  programs whoa th© s ta te d  p lo t t in g  range i s  
d iv id ed  in to  level©  which n e c e s s a r i ly  correspond to  th® f u l l  c o n tra s t  
rang© o f  th e  d isp la y . S c o lla r  uses h istogram  m o d ifica tio n  f o r  
enhancement o f  a e r i a l  photograph© (1978).
F a c i l i t i e s  to  d isp la y  r e s u l t s  a t  ©ay stag© o f  p ro cessin g  i s  c i th e r  
n u m e r ic a l  o r  p ic to r i a l  form a rc  provided  in  each v e rs io n  o f  th e  programs.
2.7«1# Hamerical ou tpu t
B u ss r ic a l l i s t i n g s  nay bo r e q u i r e d  b o th  o f  th e  c u rre n t v a lu es  during  
in te r a c t iv e  p ro cessin g  and o f  d a ta  in  saved f i l e s .  Some o p e ra tin g  
system s nay allow  f i l e s  to  b® l i s t e d  d i r e c t ly  u s in g  system connands 
b u t w ith  Honeywell t h i s  i s  n o t p o ss ib le  f o r  th© ‘random binary* f i l e s  
used  f o r  num erical d a ta . In s te a d , f i l e s  must b© read  under progress 
c o n t r o l*  The ou tpu t i s  then  f o rm ito d  ©ad p r in te d  u s in g  th e  m  
s u b r o u t i n e s  f o r  b o th  c u rre n t and saved d a ta , Th© f i l e  co n ta in in g  the  
p r in t in g  su b ro u tin es  (EUMBEB8, M  L aborato ry  Report 01/79# s e c tio n s  
1,5*3 and 2.5® 5) thorofor®  b@ loaded  a s  p a r t  o f  th© in te r a c t iv e  
system o r  w ith  th e  independent program FPBHf (01/79# se c tio n s  1 .6 .5  
and 2 .6 .5 )  f o r  p r in t in g  la rg e  saved f i l e s .
These program© use Honeywell c h a ra c te r  hand ling  f a c i l i t i e s  to  accep t a 
s u n - t im e  f o rm a t  d e s c r ip to r  ©s a  progress param eter. The read in g s  a re  
h e ld  a s  r e a l  v a lu es which sa y  vary  g r e a t ly  in  m a g n itu d e  a t  d i f f e r e n t  
s tag e s  o f  p ro cessin g , a n d 's o  th e  system allow s © fo m a t  s u i ta b le  f o r  th© 
c u rre n t va lues to  be used each tim e r e s u l t s  &r© p r in te d . Th© program 
a ls o  tost©  f o r  b lank m arker va lues end s u b s t i t u t e s  any c h a ra c te r  s t r in g  
en te red  by th e  u s e r .  Gaps in  th® d a ta  may therefor©  b© in d ic a te d  by 
d o ts , spaces ©te. These refinem ents allow  c le a r  and o rdered  p re se n ta tio n  
o f  th© d a ta  and &r© u se fu l f o r  such purposes a s  p r in t in g  read in g s  a t  a  
©pacing which corresponds to  th© seal® o f  a  s i t e  p l a n  o r  p lo t ,  b u t 
th ey  would b© v e r y  cumbersome t o  program in  s t a n d a r d  F o rtra n .
The program a ls o  d iv id es  any b lock  o f  d a t a  which exceeds th© w id th  o f  
th© t o s s d n a l  in to  v o r t ic a l  strip®  and centre® th e  b lock  (acco rd in g  to  th e  
fossm t d e s c r ip to r )  ac ro ss  th© re q u ire d  rmssb©r ©f s t r i p s .  Edge va lu es
on t h i s  s e c tio n in g  arrangem ent w i l l  b© needed in  th e  p roduction  
programs.
2*7*2 P ic to r ia l  D isp lay
In  a l l  th© work so f a r  v a rio u s  forme o f d e n s ity  d isp la y  have been used 
f o r  a l l  f in a l  o u tp u t. The so a re  n o t n e c e s s a r i ly  th e  most d e s ira b le  f o r  
a l l  purposes and p o ss ib le  a l te r n a t iv e s  a re  d iscu ssed  f u r th e r  below.
Only d isp la y s  u s in g  th© a v a ila b le  equipment and copying f a c i l i t i e s  a ro  
considered . Th© p lo ts  a re  to  be c ir c u la te d  i s  departm ental r e p o r ts  and 
a  f i r s t  requirem ent i s  th a t  th ey  should  w ith stan d  o f f ic e  photocopying.
T his would ©zclude a l l  co lo u r o r  contiauouo ton© d isp la y s .
Symbol P lo tsCStSMMUStfHHHkCSSMtiMkMMMilDSGSMt
Th© Honeywell programs wore w r itte n  f o r  a  tim e-sh a rin g  system accessed  
by te le ty p e  and ou tpu t i s  l im ite d  to  p r in te d  c h a ra c te rs  o r  symbols.
This I s  n o t an im possib le r e s t r i c t io n  and adequate working p lo ts  may b© 
produced, e s p e c ia lly  when th© sc a le  i s  la rg e  enough to  g ive good 
r e s o lu t io n . A l i s t  o f  c h a ra c te rs  o f  d e n s ity  corresponding  to  each 
p lo t t in g  le v e l  i s  h e ld  in  co re , o r  o th e rs  may b© s u b s t i tu te d  by th e  
u s e r .  Up to  thro© c h a ra c te rs  may b© o v e rp rin ted  in  each p o s it io n  to  
giv© a  p lo t  o f  th© re q u ire d  range o f  d e n s i t ie s .  I t  i s  im portan t th a t  
th© f in a l  v is ib le  d e n s ity  le v e ls  a re  reaso n ab ly  l in e a r  i f  th© c a lc u la te d  
d is t r ib u t io n  o f  p lo t t in g  le v e ls  i s  to  b© ach ieved . At p re se n t th© 
programs only  allow  f o r  8 le v e ls  on th© assum ption th a t  fin© g ra d a tio n s  
a re  n o t p o ss ib le  by t h i s  method, b u t Dewdney (1976) suggests  o th e rw ise . 
Symbol d e n s ity  p lo ts  o f  t h i s  k ind  a rc  quit© w idely  used in  imago 
p ro cessin g  work and ho d esc rib es  a  method o f s e le c t in g  c h a ra c te rs  to  g ive 
a  s u b je c tiv e ly  l in e a r  gxey-ecale o f 50 le v e ls  by o v e rp rin tin g  4 c h a ra c te rs  
a t  each le v e l .  An a d ap ta tio n  o f  h is  c h a ra c te r  s e t  would be u s e fu l i n  
futur©  wox&.
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( i i )  P lo tted  with random characters
( i i i )  Dot-donsiby ( Ci’om Tektronix d isp lay)
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Fig 2.1 j  Got tarn, Yorks. R e s is t iv ity  survey o f  square barrow d itch es
Comparison o f  disp lays
fro® c o a re - in d e p d n d e n t programs PLOT, G l/?9 , se c tio n s  1*6*6 and 2 ,6 .6 )  
w i l l  s e c tio n  a  la rg e  output f i l e  in to  s t r i p s  to  f i t  th® te rm in a l 
s im ila r ly  to  th e  d a ta  p r in t in g  ro u tin e s  (b u t w ithout overlap)® They 
a l s o  p r in t  a  b o rd er around th© p lo t  w ith  s c a le  m ark s  every  5 ( i n i t i a l )  
re a d in g s , end th® sequence i s  m ain tained  ac ro ss  the  © trip s . . Heading©
©ad caption© a re  e a s i ly  p r in te d  on th e  te le ty p e  and t h i s  oaves much 
wc2±  in  l e t t e r i n g  and f in is h in g  th e  p la n s .>
An experim ental op tio n  was inc luded  in  th© program to  reduce th® p o ss ib le  
coarse  and r e p e t i t iv e  e f f e c t  o f  th© p r in te d  symbols by choosing them a t  
random froza a  l i s t  ©f a l t e r n a t i v e s  a t  each d e n s ity  l e v e l .  Th© r e s u l t  
i s  quit© e f fe c t iv e  except th a t  d isc r im in a tio n  between le v e ls  i s  reduced. 
Probably a  s im ila r  b u t more accurst©  r e s u l t  could  bo o b ta in e d  by u s in g  
an extended p lo t t in g  range such a s  th a t  o f  Dewdnoy b o  t h a t  few er 
reading® co inc ide  a t  each le v e l .
I n  f i g  2.15 p lo ts  o f  a  p a i r  o f  barrow d itc h e s  a r e  com pared* Two 
c h a ra c te rs  w era  o v e rp rin ted  f o r  each read in g  i n  p lo ts  ( i )  and ( i i ) ,  
b u t  f o r  ( i i )  t h e y  were s e le c te d  randomly.'' F ig  ( i i i )  shows a  d o t - d c a s i t y  
o f  th e  earn® d a ta , fkes© r e s u l t s  show t h a t  symbol plot® can compare 
q u it©  f a v o u r a b ly  i n  d e t a i l  and re s o lu tio n  w ith  d o t - d e n s i t i e s *  They a r e  
a ls o  p o te n t ia l ly  v ery  f a s t  to  produce on a  h i^ i-sp e e d  p r in t e r ,  sad  a re  
'a n  o p tio n  worth r e ta in in g  f o r  t e s t  p lo ts  and in to m sd ia t©  r e s u l t s  i n  
futur©  program s.
P o t - D e n s l t y  H o t s
T his fossa o f  p lo t  in  w h ic h  d o ts  corresponding  in  number to  th© s t r e n g t h  
o f  th© read in g  a re  o f f s e t  r e a d o n ly  w ith in  each d isp la y  c e l l  to  g ive  a  
s im u la ted  h a lf - to n e  e f f e c t  has been used in  a l l  work so f a r  w i t h  th e  
S urrey  sy s tem *  Tbs technique so o n s  to  have boon inv en ted  by SooXX&r 
(S c o lla r  and E ru e k e h e rg  1966). I t  has th© advantages th a t  such p lo ts
GeXf-ezplan&tory to  user©* A disadvantage i s  th a t  th© y as®  ©lew to  
produce on th© pen p lo tter®  F or eoso e a r ly  work a t  S u rrey  s  T ektronix  
s to r a g o  tub® d isp la y  was used  f o r  in te ra c t iv e  d isp la y  o f  t e s t  p lo ts*
The r e s u l t s  were quit© e f fe c t iv e  ( f i g  2*15 i i i ) *  bu t t h e  d isp la y  m s  
found to  bo very  l i t t l e  f a s t e r  item  th e  pen p lo tte r*  Als©9 ©eous&t© 
in te rp o la t io n  i s  req u ired  f o r  seal© p l o t s f and so i t  was abandoned*
The p re se n t c o n fig u ra tio n  allow s sm all to o t  p lo ts  to  be d isp lay ed  on 
an o sc illo sc o p e  b u t a l l  permanent ou tpu t i s  oa tb s  pen p lo t te r*
The v isu a l e f f e c t  o f d o t-d e n e lty  p lo ts  depends on se v e ra l v a r ia b le s  
in c lu d in g  th e  number mid s is e  o f  t h e  do ts and tte s  &©gre© o f  o f f s e t  
given to  each*  The p re se n t program uses  9 d o ts  p e r  read in g  which i s  
th e  minimum p r a c t ic a l  number and allow© ra p id  p lo t t in g ,  b u t a t  t h e  
c o s t o f  d i f f i c u l t l y  in  o b ta in in g  a  s a tu ra te d  black* T he d o ts may be 
en larged  in to  f i _ n i t e  t r ia n g le s  o r  d iam onds 9 b u t w ith  t h e  p re se n t 
p lo t t e r  th ey  then  appear d is to r te d ,  and to  in c re a se  th e  number to  16 o r  
25 would extend th e  p lo t t in g  tim e p ro p o rtio n a te ly *  T his would m a tte r  
l e s s  i f  &ot-&ensiti©s were used on ly  f o r  a  s n a i l  amount o f  h ig h  q u a l i ty  
f in is h e d  work: a s  proposed below ©ad s o t  f o r  ro u tin e  p lo ttin g *
Weak l i n e a r  f e a t u r e s  a m  e a s i ly  r e c o g n i s e d  i n  a  d o t-d e n s ity , b u t s s a l l  
i s o la te d  anom alies a m  not* A 2~&im©n®i©naX d isp la y  i s  e f f e c t iv e ly  a  
low -pass f i l t e r  which l im i ts  t h e  resoXutic® to  th e  c e l l  ©is© o f  t h e  
p lo t*  This a p p lie s  b o th  to  th e  d e n s ity  p lo ts  c o n s id e r e d  h e rs  and to  
co n to u r p lo ts  which a m  d iscu ssed  in  term s o f  t h e i r  f i l t e r i n g  
c h a r a c te r is t ic s  b y  W ren '( 1 9 7 5 ) •  ®i© a p p a r e n t  ra s o lu tio n  could  be 
improved by in te rp o la t io n  to  in c rea se  th e  sumber o f  d isp la y  c e l l s ,  b u t 
n o  d e n s ity  p lo t  cou ld  r e p r e s e n t  t h e  f u l l  d e t a i l  ©f th e  analogue 
traces®
Th© g ra p h ica l tra c e s  o f  m agnetic tra v e rs e s  p lo t te d  by th© f i e ld  
re c o rd e r  allow  th e  anom alies t© be in te rp re te d  oa th© b a s is  o f  
g ra d ie n t and p r o f i l e ,  a s  w e ll a s  th e  magnitude and e x to s t which a re  
th e  only  q u a n t i t ie s  rep re sen ted  in  a  d e n s ity  p lo t*  A© exp la ined  in  
ch ap te r 1 i t  i s  d e s ira b le  to  extend computer p ro cess in g  to  thee© 
surveys b u t i f  in te rp r e ta t io n  to  th© p re se n t le v e l  o f  d e ta i l  i s  to  
con tinue th© re so lu tio n  o f  th® plot© must be r e ta in e d , and t h i s  could 
b e s t  b© don© by r o p lo t t ia g  trace® from d a ta  sampled a t  s u f f ic ie n t ly  
c lo se  in tervals®  The use o f  cosputc^-geacr& ted p lo ts  would reduce 
th® g ro a t manual lab o u r o f  p re p a ra tio n  and provide much-needed 
f l e x i b i l i t y  in  display® F ig  2.14 shows th© e f f e c t  o f  a  sim ple change 
o f  p lo t t in g  seal© . P lo t  ( i )  m s  recorded  a t  a  s e n s i t i v i t y  o f  20 
gamma /cm , th© s e t t in g  needed to  d e te c t © m il background f e a tu re s ,  b u t 
th© k i ln s  run o f f  th© p aper. Th© square was then  resurvoyed a t  150 
gamma/cm to  g ive th e  vexy c le a r  re p re s e n ta tio n  o f  th© k i ln s  seen  in  ( i i ) ,  
b u t i t  would obviously  b© b e t t e r  to  make euch ad justm ents in  th© course 
o f  p ro cess in g  r a th e r  th an  fieldwork®
A ro u tin e  to  p lo t  t ra c e s  s im ila r  to  those  recorded  in  th© f i e l d  would 
be sim ple to  implement u s in g  e x is t in g  equipm ent, and th ey  would be 
much qu ick er to  draw than  do t densities®  I t  i s  th e re fo re  proposed 
to  make t h i s  a  c e n tra l  fe a tu re  e£ th© p roduction  system® D o t-d e n s itic s  
a re  p re fe ra b le  f o r  p u b lic a tio n  mid would id e a l ly  be used in  p lace  
o f  such m anually drawn p lo ts  a s  f i g  1.12 ( i i ) ,  b u t t h c i r  s ig n if ic a n c e  
would b© asse ssed  on th© b a s is  o f  computer -  drawn traces®  I f  no 
d e ta ile d  in te rp r e ta t io n  i s  re q u ire d  th© p ro cess in g  param eters cou ld  
b© e s ta b lish e d  through i n i t i a l  symbol plots® E op lo ttod  t ra c e s  
would a ls o  provide a  s u ita b le  means o f  computer d isp la y  f o r  suck
IfO gamma
( i )  Standard p lo t t in g  s e n s i t iv i t y
( i i )  Reduced s e n s it iv i t y
i t 300 gamma
1 :/+0 0
Fig lit- Brampton, Norfolk
i.’agnotic survey o f  a group o f  pottery k iln s
v/ider than  1 m e tre .
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Contouring in  a  q u ite  e f fe c t iv e  fosn  o f  d isp la y  except f o r  d a te  which 
i s  vorgr noisy* I t  has n o t been inc luded  in  c i th e r  s e t  o f 
program * h u t o ccasio n a l ,jobs have been dene u s in g  programs a v a ila b le  
©leowhor©* fhos© programs do n o t m®m a b le  to  lo c a te  th e  con tours 
whoa th e re  i e  a  p la te a u  in  th e  d a ta , and re q u ire  continuous g ra d ie n ts  
f o r  accep tab le  re su lts*  I  have planned a  ro u tin e  which should  a t  
l e a s t  be capable o f  fo llow ing  each con tour (by th e  principle} o f 
so lv in g  a  ms® -  always tu rn  in  th e  s s se  d i r e c t io n ) ,  and t h i s  i s  
w a itin g  to  b© included  in  th e  n m  systca*
Chapter 5
3*1 In tro d u c tio n
The su b je c t o f  t h i s  ch ap te r i s  th e  o v e ra ll  s tru c tu re  end design  o f  th© 
p ro cess in g  system* Th© o p e ra tio n a l consequences o f t h i s  a re  a t  
l e a s t  as  s ig n if ic a n t  as  th e  c a p a b i l i t ie s  o f  th© v ario u s  in d iv id u a l 
p ro cess in g  ro u tin e s  d escrib ed  in  ch ap te r 2*
This p ro je c t  began w ith  th© i n i t i a l  o b je c t o f  p rov id in g  a  more f le x ib le  
and tesed ia t©  a l te r n a t iv e  to  th© slow and expensive p lo t t in g  o f  surveys 
by sending d a ta  to  a  ba tch  p ro cess in g  bureau* Only & sm all p ro p o rtio n  
o f  surveys were p lo t te d  through th e  bureau? e i th e r  r e s i s t i v i t y  surveys 
f o r  which no a l te r n a t iv e  d isp la y  was a v a i la b le ,  o r  m agnetic surveys f o r  
which a  d o t-d e n s ity  p lo t  was s p e c i f ic a l ly  re q u ire d . The two i n i t i a l  
s e ts  o f  programs (Honeywell and S urrey) r e fe r re d  to  throughout 
ch ap te r 2 have been need as  in tended  to  m ain ta in  ou tpu t i n  th e se  
^ re s t r ic te d  a re a s , bu t have a lso  provided  experience on which th e  d esig n  
o f  a  comprehensive p ro cess in g  system can now bo based . Th© b u lk  ©f 
th e  -Ancient Monuments L aboratory  ou tp u t has always r e l i e d  on analogue 
t ra c e s  and a t  l e a s t  93% ( in  term s o f  30 is survey squares) s t i l l  does. 
These c h a r ts  in  many ways p rov ide aa  e f fe c t iv e  mid im e& ia te  p re se n ta ­
t io n  o f  th© survey f in d in g s , and th e  work o f  p rep a rin g  them can on ly  
be tra n s fe r r e d  to  th© computer once c le a r  p r a c t ic a l  advantages over 
a l te r n a t iv e  methods a re  to  be gained* The l im ita tio n s  o f th e  p re se n t 
programs which p reven t t h i s  and th e  ways in  whioh they  can be over­
come a re  d iscu ssed  in  th e  course o f  t h i s  c h a p te r•
The need f o r  program development work o f  t h i s  k ind  m ight have been 
avoided had s u ita b le  programs been a v a ila b le  e lsew here, b u t th©
circum stances and survey techniques o f  th e  AM Laboratory d i f f e r  
s u f f ic ie n t ly  from those o f  o th e r  workers in  th i s  a rea  to  make an 
. independent approach w orthw hile. I f  any programs which s e t  th e  
L aboratory  requirem ents d id  e x is t  and could  be borrowed th ey  would 
probably  be very  d i f f i c u l t  to  implement. S tan d a rd isa tio n  o f  computer 
languages between m anufacturers i s  m inim al, and fo r  o p e ra tin g  system s 
i t  i s  n o n -e x is te n t. Any complete working system must therefor©  be a t  
l e a s t  p a r t ly  machine dependent, and experience in  t h i s  p ro je c t  hae 
shown th a t  th e  e a s ie s t  way to  convert program s©  i s  o f te n  to  re w rite  
them.
One com m ercially a v a ila b le  geophysical p ro cess in g  system which o f fe r s  
some o f  th e  f a c i l i t i e s  needed i s  th e  SACK (S urface Approximations and 
Contour Mapping) package £ rm  th e  SXA bureau (SIA, 1975)* Tkie o f fe r s  
most o f  th e  ( s p a t ia l  domain) p ro cess in g  f a c i l i t i e s  re q u ire d  b u t ou tpu t 
i s  only  by contour p lo ts  and th© system i s  no t designed f o r  in te r a c t iv e  
u se . I t  would a lso  be very  expensive.
The on ly  pub lished  work o f  d i r e c t  a rch aeo lo g ica l a p p lic a tio n  i s  th a t  
o f  L ian ing ton  and S c o lla r .  Th© Home Computer System d esc rib ed  by 
L in ing ion  ( 1968, 1969) was w r itte n  f o r  an IBM computer w ith  punched 
card  in p u t end l in e  p r in te r  d isp la y  f o r  o u tp u t. Th© f a c i l i t i e s  
provided compare in  many re sp e c ts  w ith  th© AM Laboratory  Honeywell 
programs bu t p ro cess in g  cap ac ity  i s  l im ite d  to  a  101 x  101 a r ra y  
o f  read in g s .
The work o f  Hr Irw in  S c o lls r  has been r e fe r r e d  to  throughout p rev io u s 
ch ap te rs  and has been th e  source o f  many o f  th© id eas  d iscu ssed .
He has dominated th e  l i t e r a t u r e  o f  a rch aeo lo g ica l m agnetic su rvey ing  
f o r  many y ears  and has pub lished  comprehensive accounts o f  th© survey 
and in te rp r e ta t io n  techniques used a t  th e  E he in isch  Lsndessuseum, Bonn.
He has ap p lied  a  f u l l  range o f  image p ro cessin g  techn iques to  survey 
r e s u l t s ,  and r e c e n tly  u s in g  a  new d ed ica ted  computer and d isp la y  system 
has extended th© a re a  o f  a p p lic a tio n  to  inc lude  d ig i t i s e d  a e r ia l  
photographs (S c o lla r  1978). Ho work as  am bitious as t h i s  has been 
attem pted  elsew here in  archaeology, no r would i t  be p o ss ib le  h e re .
Thor© a re  a ls o ,  as exp la ined  in  th e  e a r l i e r  d iscu ss io n  ©f f i l t e r i n g ,  
b a s ic  d iffe re n c e s  o f  approach. S o il co n d itio n s  and th e  shallow  depth  
o f  most E n g lish  archaeology allow  th e  use o f  th e  flu rg& te g rsd iom eter 
which g iv es  ©a ou tp u t r e s t r i c t e d  to  s p a t ia l  wavelengths w ith in  a  
range th e  whole o f which may be o f p o te n t ia l  a rc h ae o lo g ic a l s ig n if ic a n c e . 
Anomalies may on ly  be f u r th e r  id e n t i f ie d  by v is u a l  e v a lu a tio n  r a th e r  
than  com putation, and much o f  th© p ro cessin g  to  e x tr a c t  s ig n i f ic a n t  
f e a tu re s  which i s  o f  c e n tra l  im portance in  th e  methods used by S c o lla r  
i c  in  many cases unnecessary , f a c i l i t i e s  to  e x tr a c t  s p a t i a l ly  d efined  
fe a tu re s  a re  needed in  a  comprehensive p ro cessin g  system b u t a t  th®
AK L aboratory  a re  o f  secondary p r io r i ty  to  a  f u l l  range o f  d isp la y  
o p tions and th e  ca p a c ity  to  p rocess la rg e  volumes o f  d a ta .
A p ro cessin g  system ©f some e la b o ra tio n  i s  therefor©  needed to  d isp la y  
th© d a ta  from m agnetic surveys, i r r e s p e c t iv e  o f  whether any num erical 
enhancement o p era tio n s  ©re ap p lied  a t  e l l .  Conversely, once th© 
framework o f  a  d a ta  management and d isp la y  system i s  e s ta b lis h e d  e x tr a  
p ro cess in g  o p tio n s  may b© added w ith  very  l i t t l e  e x tra  d i f f i c u l ty .
The id e a l  would bs a  system capable o f  p lo t t in g  a  la rg e  m agnetic 
survey in  a  se ss io n  o f  perhaps h a l f  a  day a t  th e  computer, and co 
re p la c e  se v e ra l days o f  manual c h a r t p re p a ra tio n . This i s  p o s s ib le  
in  p r in c ip le  u s in g  p re se n t equipment, bu t n o t w ith  th© e x is t in g  
program s. The requirem ents a re  f i r s t  a  more pow erful c o n tro l system 
so th a t  th e  program ; w il l  accep t and r e t a in  in s tru c t io n s  f o r  a  com plete 
s e r ie s  o f  to s t  p lo ts ,  r a th e r  than  re q u ir in g  a l l  param eters to  be 
re -e n te re d  in te r a c t iv e ly  fo r  each p lo t .  F a c i l i t i e s  f o r  d i r e c t  in te r a c t iv e
working must however be re ta in e d  to  allow  f in a l  adjustm ent o f param eters a f t e r  
th e  i n i t i a l  s e r ie s  o f s tan d a rd  t e s t s .  I t  must then  be p o ss ib le  to  produce 
a  single f in a l  p lo t  f o r  th e  complete survey, r a th e r  than  p rocess  i t  as 
a  mosaic o f  sm all s e c tio n s . I t  i s  worth in v e s tin g  e r t r a  programming 
e f f o r t  to  t r a n s f e r  as many in c id e n ta l  ta sk s  as  p o ss ib le  to  th© computer. 
Minor time-consuming job® a t  each s tag e  o f  p ro cessin g  such as s e c tio n in g  
th© d a ta  to  f i t  th© program o r adding cap tio n s  by L e tr s s e t  to  f in is h e d  
p lo ts ,  when m u ltip lie d  by th© number o f  surveys become a  c r i t i c a l  
f a c to r  in  co n ta in in g  th e  backlog o r  lo s in g  c o n tro l o f  i t .  Computer 
tim e i s  f a r  more f r e e ly  a v a ila b le  than  manpower and should be f u l ly  
e x p lo ite d . The means o f  doing so a re  d iscu ssed  in  th© s e c tio n  on 
program design  f o r  a  p roduction  system below.
H eith e r th© Honeywell n o r th e  Surrey program , systems were co n s tru c ted  
fo r  la rg e  s c a le  working, a lthough th e  Honeywell one goes some way 
towards th a t  end. They would each re q u ire  fundam ental change r a th e r  th an  
sim ple ex tension  to  make such working p o s s ib le , and so th e  design, o f  
each was d e l ib e ra te ly  * frozen* in  a  minimum working c o n fig u ra tio n  when 
they  were completed in  1976. The extended system which i s  to  tak e  
t h e i r  p lace  now e x is ts  in  p a r t i a l  d r a f t  bu t f in a l  im plem entation w i l l  
depend as  always on th© demands o f  f ie ld w o rk .
The Honeywell and Surrey ;programs have „ provided experience end th© 
n ecessary  background fo r  f u r th e r  developm ents. Th© Surrey  programs 
a re  re le v a n t to  problems o f  minicomputer o p e ra tio n  and g ra p h ic a l 
d isp la y , and th© Honeywell ones to  program s tru c tu r e  and d a ta  
management. The two systems a re  d escrib ed  in  tu rn  below to g e th e r  w ith  
th e  design  p roposa ls  f o r  th© new programs.
These programs were w r i t te n  to  allow  immediate p ro cessin g  o f  r e s u l t s  
through th© te rm in a l a t  th e  AM L aboratory , end have been used re g u la r ly  
f o r  t h i s  s in ce  they  ware completed in  mid-1976. Th© Honeywell/General 
E le c tr ic  (now renamed GEISCO) tim e-sh arin g  system i s  a  m ajor i n t e r ­
n a tio n a l network a c c e ss ib le  from around th e  world and w ith  a  s a t e l l i t e  
l in k  to  th© main computer in  America. I t  i s  in  many re sp e c ts  
•o v er-e lab o ra te  f o r  th e  requirem ent o f  t h i s  p ro je c t ,  
b u t i t  was a l l  th e  DOE could provide a t  th© tim e.
The in te n tio n  was to  provide a  reasonab ly  complete s e t  o f  p ro cess in g  
f a c i l i t i e s  w ith  imc&i&t© d isp la y  m  a  te le ty p e  p lo t ,  bu t w ith  p ro v is io n  
to  ou tpu t p rocessed  d a ta  on punched tap e  f o r  f in a l  p lo t t in g  elsew here 
. i f  n ecessary  Readings were tra n s fe r re d  in  t h i s  way in  some cases  befo re  
th© Surrey programs were o p e ra tio n a l.-  The d a ta  f o r  f i g  2.1 fo r  
example was propared through th e  Honeywell programs and se n t to  Cl 
B ata C entre fo r  p lo t t in g .  An a d d itio n a l o b je c t was to  in v e s t ig a te  
techniques o f  programming and p ro cess in g  th a t  would b© re le v a n t  in  
fu tu re  minicomputer a p p lic a tio n s . The r e s u l t s  have been a p p lie d  in  
p a r t  in  th© e x is t in g  Surrey programs, bu t m ch  o f  th e  experience 
gained w il l  no t be f u l ly  pu t to  use u n t i l  th e  new p roduction  system  i s  
o p e ra tio n a l.
The system i s  f u l ly  documented in  AM L aboratory  Report G1/79 (AM Lab, 
1979)* In  P a r t  I  th e re  a re  in s tru c t io n s  which should b© s u f f ic ie n t  to  
ex p la in  th© system to  a  u s e r ,  to g e th e r  w ith  program n o te s  and 
f lo w c h a rts 9 and program' l i s t i n g s  a re  g iven  in  P a r t  I I .  Th© s p e c if ic  
p ro cessin g  f a c i l i t i e s  o f  th e  system were d escrib ed  in  ch ap te r 2 above 
end w il l  n o t now be d iscu ssed  fu r th e r .
Th© system includes a number of input end output end data preparation 
programs as well as the main processing routines end other incidental 
programs.
The input and output of data may appear to b© a trivial task but 
proved to be a matter of some practical complexity. Magnetometer readings 
logged in the field are translated from digital cassette tapes to 
punched paper tape in binary fomat. There are system cozs&ands which 
allow data of this kind to be entered directly and held in file, but 
to set up a correctly ordered file this must be done under program 
control. The tape is therefore entered through the program XHPUT 
(G1/?9p sections 1 .2 .1  and 2 .2 .1 )  which tests for and interprets th© 
various marker values recorded with the data. These markers ere 
recorded in the field but may also b© added during subsequent hand 
editing of the tape. They delimit traverses, blocks of traverses, 
comments, and also mark a traverse or pair of traverses to b© deleted.
Th© significance of a marker may vary with it© position on th© tape, 
and action at any point depend© on the logical combination ©f proceeding 
markers. The program must also truncate ©r fill out traverses of 
incorrect length, gad there are options to do this interactively as well 
as to make other editing correction© and delete or split traverses 
as they are transferred to the output file. Traverse© ©r© recorded in 
the field in alternate directions and so m y change in their number 
during processing inverts th© remainder of the file left to right, 
which further complicates the program.
Th© corrected readings are finally held in a random access unformatted 
file (* random binary1 in Honeywell terminology) and eavod under a name 
generated by the program.
Such files a r e  th® standard type used for numerical data, hut may 
only he accessed through program read and write statements end not 
through keyboard eomands which are only available for formatted 
character files. A p ro g ram  FPRX1T is therefore needed to print data 
from file, and others are required to check individual records,
RCBBGK and RECORD. The correction routines called from IHPUT are 
held on & separate subroutine ALTER which may a l s o  bo called from 
another programme EDIT, which allows corrections to bo mad© to 
previously created files.
Initial data, mostly from resistivity surveys, which is not automatically 
logged i n  the field i s  typed at the terminal to give a tape of 
formatted 'fASCII* characters. This say be entered and edited directly 
using standard system commands but must then be translated through a 
program, to give a random binary working file. Th© program for 
this, COIYERT, is relatively simple because no correction to the 
data is required. The only complication is that a traverse m e t  usually 
be split when typed to fit the width of the t e r m i n a l .  The p ro g ra m  
therefor© combines a stated msaber of records from the ASCII input 
file in each record of th© output f i l e .  A l l  w o rk in g  files are of real 
(floating point) type. There is no e e r e  space penalty for this because 
the system uses a J2 bit word and holds one item of either real or 
integer data per word.
T h e re  are other programs which provide equivalent options on o u t p u t .  
TAPS2LIST a l lo w s  any random binary file to be listed t o  punched tape 
according to a stated run-time format descriptor entered by the user, 
end OUTPUT lists the file in a packed b i n a r y  f o rm a t  similar to th© 
initial logged tapes. The binary tapes arc compact and convenient for 
storage and provide much quicker input and output through the t e r m i n a l .  
Arithmetic options in th© program* allow the data to be scaled to fit 
th© available rang© 0-255*
An a d d itio n a l d a ta  p re p a ra tio n  program COMBINE allow s i n i t i a l  
s e c tio n s  o f  d a ta  to  be assembled in to  a  p ro cessin g  f i l e  re p re se n tin g  
th e  complete survey , o r  any o th e r  group o f  f i l e s  to  be jo in ed  o r 
superim posed. The d e ta i le d  o p era tio n  o f  th e  program  i s  d escrib ed  
i n  se c tio n  2 .4  (Edge m atching), above.
Once th e  d a ta  f i l e s  have been s e t  up, which i s  u su a lly  by f a r  th e  most 
len g th y  p a r t  o f  any jo b , they  may be processed  in te r a c t iv e ly  through 
th© main program (se c tio n s  1 .5  2 .5  i s  r e p o r t ) .  This allow s
p ro cess in g  snd ou tpu t o p tio n s  to  be ap p lied  in  any sequence to  any 
d a ta  f i l e  o r  s ta te d  s e c tio n  o f  a  f i l e  w ith in  th e  c a p a c ity  o f  th e  system . 
The p ro cessin g  su b ro u tin es  a re  h e ld  in  overlay  f i l e s  which a re  loaded 
as  necessary  and may be c a l le d  in  tu rn  in d e f in i te ly  to  produce & s e r ie s  
o f  plot© i f  re q u ire d . F ig  3*1 shows th© s tru c tu re  o f  th© ©ysteia.
The s ta te d  block o f  read in g s  i s  read  from f i l e  a t  th e  s t a r t  o f  p ro cessin g  
and then  (in i t s  v ario u s  su ccessiv e  processed  form s) h e ld  in  a  core 
b u f fe r  u n t i l  i t  i s  o v e rw ritten  by a  new se c tio n  o f  d a ta , o r  u n t i l  th e  
end o f  th e  program* ru n . A copy o f  th e  c u rre n t va lues may be w r i tte n  
to  an ou tpu t fil©  a t  any stag©. Th© f i l e  dimensions correspond to  those  
o f  th e  a c tu a l survey bu t th e  core a rra y  does n o t.  Item s a re  addressed  
d u ring  p ro cessin g  by th e i r  a c tu a l survey co o rd in a tes  b u t th e  v a lu es  
a re  lo c a te d  by mapping in to  a  1-d im ensional a r ra y . This has th e  
advantage over th e  use o f  re&imensioned 2 -d ise n s io n a l d a ta  a r ra y s  th a t  
th e  r e l a t iv e  s iz e s  o f  th© a r r a y s  need n o t be predeterm ined end core 
may be f r e e ly  re -a l lo c a to d  between in p u t and ou tpu t d a ta . This i s  
p a r t ic u la r ly  im portan t f o r  in te rp o la t io n  w h ere  i n i t i a l ,  In te rm ed ia te  
and ou tpu t a rra y s  o f  d i f f e r e n t  dim ensions must a l l  be accommodated.
Th© cor© b u ffe r  has a  ca p a c ity  o f  10,400 words end go w i l l  on ly  accep t 
d a ta  f t e a  2-5 50 a  survey squares when in te rp o la te d  f o r  p lo t t in g  a t  
1*200 s c a le .  A f i l e  re p re se n tin g  a  ty p ic a l  m agnetic survey would b©
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10 tim es t h i s  e ls e  and go o th e r  f a c i l i t i e s  aro  re q u ire d  f o r  e f f i c i e n t  
working in  such cases?
To p rocess f i l e s  which exceed th e  ce re  space through th e  mmin system 
would mesa s e t t in g  up working f i l e s  to  accep t th e  d a ta  between each 
p a i r  o f  sub rou tine  c a lls*  and then  read in g  and w ritin g  ©3.1 d a ta  in  
sections*  This seemed overcom plicated a t  th© tim e th© programs 
were w r itte n  and so an a d d itio n a l s e t  o f  main programs was provided* 
each o f  which c a l l s  a  s in g le  p ro cessin g  ro u tin e  bu t i s  capable o f  
s e c tio n in g  th e  in p u t and output d a ta  to  p rocess f i l e s  o f  u n lim ited  
s is e  (G1/79 se c tio n s  1 .6  and 2 .6 ) .  I t  wa® n o t in tended  th a t  th e se  be 
run  in  a  continuous in te r a c t iv e  sequence* b u t r a th e r  th a t  they  should 
bo run  once each to  produce a  s in g le  f in a l  p lo t  ©no© th e  param eters 
have been se le c te d  through th e  main in te r a c t iv e  p ro c e ss . . The 
p r a c t ic a l  us© o f  th e  p ro g re ss ., in  t h i s  way has been r e s t r i c t e d  by 
what was found to  be th e  excessive  c o s t o f  p ro cessin g  la rg e  f i l e s  on 
th e  tim e-sh arin g  system* This i s  a  problem which t r i l l  on ly  b© so lved  
by l im it in g  fu tu re  work to  a  minicomputer where th© c o s t r i s e s  only 
w ith  time* and n o t in  p ro p o rtio n  to  th e  volume o f  d a ta  o r  number o f 
f i l e  accesses .
In  a d d itio n  to  th e  input* ou tpu t and p ro cessin g  programs . th e re  i s  a  
reco rd  keeping system . A ll tra n sa c tio n s  which r e s u l t  in  an ou tp u t 
f i l e  o r  p lo t  a re  noted in  a  f i le *  to g e th e r  w ith  a  program id e n t i f ie r *  
th e  ;}ob heading en tered  by th© u s e r , and th e  d a te . The program INDEX 
when run  p r in ts  a  ta b le  o f  th i s  in fo rm ation . This was in ten d ed  as  an 
a id  to  keeping tra c k  o f  th e  p r o l i f e r a t io n  o f  ou tpu t f i l e s  which a re  
c re a te d  and named by th e  system.
Th© Honeywell prograa^a have provided a  firm  b a s is  o f  experience 
from which to  develop th e  nex t v e rs io n  o f  th e  system* b u t a re  n o t 
them selves s u ita b le  f o r  ex ten sio n . This i s  p a r t ly  because tim e sh a rin g
was only  used to  begin  w ith  fo r  th© lac k  o f  a lte rn a tiv e *  bu t more 
im p o rtan tly  because Honeywell F o rtra n  i s  non-standard  and alm ost 
t o t a l l y  incom patib le w ith  any o th e r . The language co n ta in s  n o t only  
many sp e c ia l system rou tines*  b u t a lso  non-standard  d a ta  types and th e se  
make conversion, to  a  s tandard  form alm ost im possib le . This has been 
a  g re a t  h indrance to  p a s t p ro g ress  end i s  a  problem to  be r ig o ro u s ly  
avoided in  fu tu re  work.
3 .5  Surrey  Progqrsigs
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These p rogrspa . re p re se n t a  p a r t i a l  im plem entation o f  th e  Honeywell 
system m odified f o r  use on a  m inicomputer. They were w r i t te n  under 
th e  te rn s  o f  a  c o n tra c t between th e  FOE and th© U n iv e rs ity  o f  Surrey  
by Ur L J u lie n  and C h ris tin e  S tandard o f  th e  Physics Department and a re  
d escribed  in  t h e i r  re p o r t  (J u lie n  end S tannard , 1976)* They were 
designed to  allow  ro u tin e  working on th e  Physics Department* e Hova 800 
minicomputer w ith  access to  a  p l o t t e r  f o r  o u tp u t.
The p ro cessin g  f a c i l i t i e s  a re  s im ila r  to  th o se  ©f th e  Honeywell 
eye tern in  e s s e n t ia ls  bu t have been s im p lif ie d  in  v ario u s  re s p e c ts .
There i s  a  d a ta  in p a t programme ABP2 which accep ts  b in a ry  ta p e s  and 
w rite s  them to  a  d isc  f i l e  as  w ith  th e  Honeywell system . I t  does no t 
have c o rre c tio n  f a c i l i t i e s  and so tap es  ©re u s u a lly  p repared  a t  th e  
AM L aboratory  and co rre c te d  cop ies then  brought to  S u rrey . A lte rn a tiv e  
v e rs io n s  o f  th e  program?\ a re  provided which e i th e r  in v e r t  a l t e r n a te  
t ra v e rs e s  o r  read  them a l l  from l e f t  to  r ig h t .
The main p ro cess in g  program o p era tes  in te r a c t iv e ly  w ith  param eters 
en te red  ©s required* end i s  s tru c tu re d  s im ila r ly  to  th a t  o f  th e  
Honeywell system w ith  su b ro u tin es in  o v erlay  f i l e s  which ©re c a l le d  
as  n ecessary . The ro u tin e s  which f i l t e r  th e  d a ta  and s e t  th e  f i n a l  
p lo t t in g  rang© a re  s im ila r  in  p r in c ip le  to  th e  Honeywell equ ivalen ts*
b u t could no t bo adapted d i r e c t ly  because o f  language d i f f i c u l t i e s .  
Output i s  by d o t-d e a s ity  p lo t  and because th© p lo t t e r  i s  a d ju s ta b le  
no in te rp o la t io n  i s  needed in  p r in c ip le  f o r  p lo t t in g  to  © calc. A 
ro u tin e  which expands th e  d a ta  b lock  to  tw ice th e  e ls e  by in te rp o la t in g  
in te rm ed ia te  value© i s  however inc luded  to  in c re a se  th e  range o f  
ad justm ent.
One m ajor p o in t o f  d iffe re n c e  fro® th e  Honeywell program i s  th a t  th© 
read in g s  a re  h e ld  du ring  p ro cess in g  in  tw o-dim ensional in p u t and ou tpu t 
a rra y s  o f  f i r e d  s i s e .  This has advantages ©f s im p lic i ty  bu t mean© th a t  
n o t only  a re  th e  r e l a t iv e  maximum dimensions o f  in p u t and ou tpu t d a ta  
a rra y s  r e s tr ic te d *  bu t a lso  th a t  th e  p e rm iss ib le  shapes o f  a rra y  a re  
l im ite d . A survey i s  as l ik e ly  to  be long and narrow as square and so 
th i s  i© th e  cause o f  some inconvenience. The a v a ila b le  core ©pace i s  
n o t s u f f ic ie n t  to  ho ld  d a ta  which exceeds th e  cap ac ity  o f  th e  p r in te r  
o r  p lo t t e r  and co th e re  i s  no need f o r  s e c tio n in g  th e  o u tp u t.
The d a ta  type used throughout th e  programs i s  f ix e d  r a th e r  th an  
f lo a t in g  p o in t .  This i s  because two 16 b i t  words a re  needed f o r  each 
f lo a t in g  p o in t value* and so t h e i r  ue© would waste too  much ce re  
space. Given th e  l im ite d  range ©f th© i n i t i a l  d a ta  and th e  sstaXX 
number o f  f in a l  d isp la y  le v e ls  th© us© o f  f ix e d  p o in t d a ta  i s  n o t a  
se rio u s  r e s t r i c t io n .  Most o f  th e  p ro cess in g  ro u tin e s  o p era te  q u ite  
w ell w ith  in te g e r  a r ith m e tic  and © p e r fe c t ly  workable system i s  
p o s s ib le . There i s  sometimes a  lo s s  o f  r e s o lu t io n  when a. very  nsrrow  
p lo t t in g  range i s  required*  bu t t h i s  could e a s i ly  bo overcome by 
a r ith m e tic  s c a lin g . In te g e r  p ro cessin g  w il l  p robably  be r e ta in e d  in  
th e  p roduction  system .
A ll th e  d o t-d e n s ity  p lo ts  inc luded  La t h i s  th e s is  except f i g  2.1 were 
produced a t  Surrey and th e  experience o f  u s in g  th ese  programs f o r  
ro u tin e  p lo t t in g  has shown th e  g re a t  advantages o f  a  minicom puter f o r
t h i s  a p p lic a tio n . I t  i s  economical f o r  p ro cess in g  work (a lthough  n o t 
n e c e s s a r i ly  so f o r  d a ta  p repara tion*  program te s t in g  and f i l e  e d i t in g  
a t  c u rre n t co sts)*  and has th© overwhelming advantages o f  ra p id  in p u t 
and ou tpu t and freedom from a  slow sad u n re lia b le  te lephone l in k .
These advantages must b© ex p lo ite d  to  th© f u l l  i f  th© aim ©f ro u tin e  
p ro cess in g  o f  a l l  surveys i s  to  bo r e a l i s e d .
5*4 Design
I t  has been e s ta b lish e d  through p ro g ress  end experience w ith  t h i s  
p ro je c t  so f a r  th a t  survey p ro cessin g  on a  sc a le  corresponding  to  th e  
M  Laboratory  workload i s  p o s s ib le  even w ith  a  modest minicomputer 
r a th e r  than  a  la rg e  main frame provided th e  programs a re  desigpsed 
w ith  e f f ic ie n c y  o f  throughput as an o v e rrid in g  concern.
N e ith e r o f  th e  e x is t in g  p ro cess in g  systems has th e  c a p a c ity  re q u ire d . 
The Honeywell programs a re  r e s t r i c t e d  by th e  te lephone l in k  and th e  
c o s t o f  u s in g  th e  system* and th© Surrey ones by th e i r  l im ite d  d a ta  
c a p ac ity . A d d itio n a lly  bo th  s e ts  o f  programs . a re  f u l ly  in te r a c t iv e ,  
which means th a t  a l l  param eters a re  en te red  in  response to  keyboard 
re q u e s ts  and must be re -e n te re d  f o r  each s e c tio n  o f  every survey .
T his means th a t  o p e ra to r response tim e f a r  exceeds th e  p ro cess in g  tim e 
and roughly  equals th a t  req u ire d  fo r  f in a l  p lo t t in g .  Ther© a re  m e r its  
in  in te r a c t iv e  working which must be re ta in ed *  bu t some le s s  la b o rio u s  
means o f  sp ec ify in g  s tandard  o r rep ea ted  o p e ra tio n s  i s  re q u ire d .
The combined e f fe c t  o f  th e se  l im ita t io n s  i s  th a t  ta k in g  account o f  a l l  
s tag e s  from d a ta  p re p a ra tio n  to  f in is h in g  th e  p lo ts  i t  tak es  lo n g er 
to  compute a  m agnetic survey than  to  p rocess  i t  m anually losing th e  
analogue charts*  and in  consequence computing has been l im ite d  to  
experim ental jobs w ith  only  em ail r e s i s t i v i t y  surveys p lo t te d  r o u t in e ly <
In  desig n in g  a  system to  overcome th e se  problems th e  a c tu a l  n a tu re  o f 
th e  p ro cessin g  and d isp la y  o p era tio n s  i s  o f  minor concern* A ll th e  
image p ro cess in g  and d isp la y  techniques d iscu ssed  in  ch ap te r 2 a re  
re q u ire d , bu t i n i t i a l l y  i t  i s  s u f f ic ie n t  to  r e t a in  f l e x i b i l i t y  so th a t  
a d d it io n a l ov erlay  su b ro u tin es  may be added w ithout a l t e r a t io n  to  the  
rem ainder o f  the  system . The most u rg en t ta sk  i s  to  develop a  s e t  o f  
c o n tro l and d a ta  management ro u tin e s  having s u f f ic ie n t  c ap a c ity  and 
which impose no r e s t r i c t io n s  on th e  p ro cessin g  ro u tin e s .
Host ©f th e  requirement® fo r  such a  system have a lread y  been s ta te d  
b u t they  may be summarised as follow© i
(1 )  Parameters a re  u s u a lly  s e le c te d  e m p iric a lly  on th e  b a s is
o f  t o s t  r e s u l t s .  The system must th e re fo re  be capable o f  applying- 
a  s e r ie s  o f  d i f f e r e n t  p ro cesses to  a se c tio n  o f  d a ta  in  th e  
i n i t i a l  t e s t s  and then  p ro cess in g  end p lo t t in g  th e  com plete 
survey when th e  optimum trea tm en t has been chosen.
(2 ) There may be 50,000 o r  more read in g s  in  a  m agnetic survey , 
and perhaps 5 tim es as many i f  ever i t  becomes p o s s ib le  to  sample 
th e  s ig n a l more c lo se ly . The amount o f  d a ta  w i l l  be m u ltip lie d  
again  a t  v ario u s  s tag e s  o f  p ro cess in g  end would exceed th© core 
cap ac ity  o f  even a  la rg e  computer. The survey must th e re fo re  be 
sec tio n ed  f o r  p ro cessin g  and experience w ith  G ris tin g  p ro g ress  : 
has shown th a t  to  do t h i s  m anually causes e r ro r  end d e lay  no t 
accep tab le  in  p roduction  work. The f in a l  p lo t  must a lso  be 
sec tio n ed  i f  n ecessary  to  f i t  th e  ou tpu t device and th e  oectiom s 
re q u ire d  w il l  n o t n e c e s sa r i ly  correspond to  th o se  s u i ta b le  f o r  
p ro cess in g . There must b© no r e s t r i c t io n s  on th e  shape o f th e
_ d a ta  a r ra y . ~ .
(5 ) The d a ta  from a  g iven  survey i s  l ik e ly  to  o r ig in a te  in  
a r b i t r a r y  p ieces  which re q u ire  adjustm ent end e q u a lis a tio n  f o r  
c o n s is te n t tre a tm e n t. I t  m e t  th e re fo re  be poo B ible to  sp e c ify  
th e  in p u t to  th© system in  term s o f  a  s e r ie s  ©f b locks o f  d a ta  
h e ld  i s  d i f f e r e n t  f i l e s ,  to  read  and v a r io u s ly  modify th© d a ta  
from each, and to  lo c a te  them i s  a  s in g le  ou tpu t f i l e .
( 4) Item s must be e x tra c te d  from th e  d a ta  in  v a rio u s  sequences 
f o r  d i f f e r e n t  p ro cesses . For examples
( i )  S ec tions o f  d a ta  must overlap  to  avoid  edge e f fe c ts  
in  convolu tion  f i l t e r i n g .
( i i )  Access i s  re q u ire d  in  random sequence f o r  con tou ring .
( i i i )  I t  must be p o ss ib le  to  e x tra c t  columns o f  d a ta  from 
f i l e  fo r  in te rp o la t io n  and F o u rie r  transfo rm  ro u tin e s .
( iv )  I f  t ra c e s  a re  to  be p lo t te d  from th e  d a ta  w ith  a  
hidden l in o  removal o p tio n  t h i s  would b© most e a s i ly  done 
by read in g  th e  f i l e  reco rd s  in  re v e rse  o rd e r.
(5 ) Th© t o t a l  a m b e r  ©f param eters re q u ire d  to  d e fin e  a  complete 
p rocess  i s  very  la rg e  end 00 they  must be h e ld  i n  f i l e  so th a t  
only  those  th a t  d i f f e r  f o r  a  g iven  job  need be m odified .
In  th e  Honeywell system th ese  requirem ents were met in  p a r t  through 
d i f f e r e n t  programs ©11 o f  which accep ted  param eters in te r a c t iv e ly .  
M u ltip le  in p u t f i l e s  were tra n s fe r re d  to  a  s in g le  ou tpu t f i l e  by 
CQHBXBB; sm all t e s t  p lo ts  could be produced through th e  in te r a c t iv e  
system c a l l in g  d i f f e r e n t  p ro cessin g  ro u tin e s ,  and i t  was in ten d ed  th a t  
la rg e  f i l e s  could bo processed  and p lo t te d  through a  s e r ie s  o f d i s t i n c t  
program s. This approach 1ms o p e ra tio n a l and s t r u c tu r a l  d isadvan tages 
and th© v ario u s  fu n c tio n s  ifeuld b© b e t t e r  combined in  a  s in g le  system . 
As explained  in  s e c tio n  2 .4  th e re  i s  no c le a r  d i s t in c t io n  to  be d ra m
between i n i t i a l  d a ta  e q u a liz a tio n  and subsequent p ro cess in g , and th© 
programme C0HBXK3 prov ides a  p a r t i a l  model o f  th e  d a ta  in p u t f a c i l i t i e s  
req u ired  in  a  p ro cessin g  system . A d d itio n a lly  any d is t in c t io n  between 
la rg o  end sm all survey® i s  a r b i t r a r y  ©ad m achino-dependent, and i s  no t 
a  m a tte r  which should concern th e  u s e r .  The progrsa  should d ea l w ith  
e i th e r  a s  ap p ro p ria te .
A so lu tio n  to  th© c o n f l ic t in g  requirem ents o f  d a ta  access a t  d i f f e r e n t  
s tag e s  o f  p ro cess in g  i s  found in  a  fundam ental r e s t ru c tu r in g  o f  th e  
program .. _ In s te a d  o f  read in g  th e  va lues from f i l e  to  a  cor© a rra y  
befo re  c a l l in g  th e  p ro cessin g  su b ro u tin es as has been don© in  a l l  
p rev ious p ro g rass  th e  sequence i s  rev e rsed . In  p lace  o f  a  su b sc r ip te d  
a r ra y  re fe re n c e  a  fu n c tio n  subprogram w ith  th e  co o rd in a tes  o f  th e  
re q u ired  Item m  arguments i s  c a lle d  f o r  each item  to  be p rocessed , 
eg ITEM ( I ,  J ,  K). This allow s each o p e ra tio n a l ro u tin e  to  be w r itte n  
as i f  i t  was ad d ress in g  lo c a tio n s  in  an u n lim ited  th ree-d im en sio n al 
v i r tu a l  a r ra y , and to  do so in  any o rd e r . The th i r d  dim ension i s  
needed to  allow  g r id - to - g r id  o p era tio n s  such ©s combining superimposed 
in p u t f i l e s ,  o r  m u ltip ly in g  by th© c o e f f ic ie n ts  i n  a  frequency domain 
f i l t e r  a r ra y .
The fu n c tio n  ITEM checks whether th e  s p e c if ie d  read in g  i s  p re se n t in  
th e  core a r ra y  end i f  so re tu rn s  th e  v a lu e . I f  no t i t  c a l l s  su b ro u tin e  
HJBAD to  read  th a t  f i l e  reco rd  and encmgh subsequent reco rd s  to  f i l l  
th e  d a ta  a r ra y . This means th a t  f o r  a  f i l e  p rocessed  in  reaso n ab ly  
consecu tive o rd e r no unnecessary  o r  rep ea ted  f i l e  accesses a re  made an/1 
th© fu n c tio n  sim ply lo c a te s  each item  in  th e  core a r ra y  th rough  © sim ple 
c a lc u la tio n  o f  p o s it io n  as  in  th e  e x is t in g  Honeywell programs
A ll read ings a re  h e ld  in  a  s in g le  one-dim ensional a r ra y  v?hich may be 
f r e e ly  d iv id ed  and r e -a l lo c a te d  between as many in p u t f i l e s  m  r e q u ire d , 
w ith  a  s e c tio n  rese rv ed  f o r  th e  ou tpu t d a ta . Headings say  b© w r it te n
to  f i l e  a f t e r  each s ta g e  o f p ro cess in g  end then  read  f o r  th e  nex t 
s ta g e  i f  neoessary , o r  they  ©ay rem ain in  core throughout i f  th e  number 
o f  item s i s  le s s  than  th e  t o t a l  core space* The program w i l l  th e re ­
fo re  in  comparable circum stances make no more f i l e  accesses th an  th© 
e x is t in g  program . There w i l l  be some in c rea se  in  execu tion  tim e 
because o f  th e  need to  c a l l  a  subprogram ., f o r  each read in g  b u t the  
a d d itio n  to  th e  amount o f  c a lc u la t io n  a lread y  req u ire d  i s  s l ig h t .
Any in c re a se  in  p ro cessin g  tim e which reduces manual e f f o r t  elsew here 
i s  in, any case ju s t i f ie d *  Tho g en era l scheme o f th e  progress? i s  shown 
in  o u tl in e  in  th e  b lock  diagram f i g  3*2.
The use  o f  t h i s  in p u t/o u tp u t procedure w il l  g re a t ly  s im p lify  th e  problem 
o f  accep tin g  d a ta  from m u ltip le  in p u t f i l e s  to  be p rocessed  in  p a r a l le l  
and w r i tte n  to  a  s in g le  ou tpu t f i l e  (requirem ent 5 above). The co o rd in a tes  
w ith in  each f i l e  and th e  number o f  th e  f i l e  i n  th e  sequence a re  sim ply 
addressed  d i r e c t ly  as  arguments o f  th e  d a ta  fu n c tio n  ITEM.
A. converse problem i s  to  apply  m u ltip le  p rocesses in  sequence to  any 
g iven  b lock  o f  re ad in g s . This i s  n ecessary  fo r  p roduction  o f s e r ie s  o f t e s t  
p lo ts  (requirem ent 1 above), and may be achieved by en c lo sin g  th© whole 
system in  an o u te r  loop , du rin g  each cy c le  o f  which a  com plete sequence 
o f  p rocess end p lo t t in g  in s t ru c t io n s  a re  executed. The loop i s  lo c a te d  
in  th e  su b ro u tin e  CONTROL.
In  any given  run  o f  th e  program i t  w i l l  th e re fo re  be p o s s ib le  to  
produce a  combined p lo t  o r  ou tpu t f i l e  co n ta in in g  d a ta  from a  number 
o f  in p u t f i l e s  lo ca te d  in  r e la t io n  to  each o th e r , o r  a  s e r ie s  o f  
d i f f e r e n t  p lo ts  from any given b lock  o f  d a ta . The f in a l  d isp la y  
ro u tin e s  may c a l l  read in g s  in  w hatever o rd e r they  re q u ire  u s in g  th e  
gas© d a ta  fu n c tio n  as  o th e r  ro u tin e s ,  and eo s e c tio n  th e  p lo t  to  f i t  
th e  ou tpu t device*
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The in s tru c t io n s  f o r  a  complete program run  a re  hold  in  a  c o n tro l 
f i l e ,  which f o r  each p lo t  co n ta in s  a  l i s t  o f  i n i t i a l  d a ta  b locks and 
l i s t  o f  re fe re n c e s  to  p rocesses re q u ire d  f o r  th a t  p lo t .  The a c tu a l  
param eters f o r  each p rocess a re  h e ld  in  o th e r  f i l e s  end read  on ly  
when th a t  p rocess i s  to  be executed. This allow s f l e x i b i l i t y  in  
perm utating  p rev io u sly  d efin ed  p rocesses and d a ta  b lo ck s. A c o n tro l 
f i l e  may be defined  in te r a c t iv e ly  and ru n  im m ediately 00 th a t  f o r  th e  
u s e r  th e  system o p era tes  much as  do th e  p re sen t p ro g re s s . The 
advantage comes when a  p lo t  i s  to  be rep ea ted  bu t m odified in  d e t a i l ,  
o r  th e  same s e r ie s  ©f t e s t  p lo ts  i s  to  be produced from d i f f e r e n t  
d a ta . In  e i th e r  ease  only  th© re le v a n t param eters need be m odified  
and th i s  i s  done by e d it in g  th e  e x is t in g  c o n tro l f i l e .
The se p a ra tio n  o f  in p u t and ou tpu t ro u tin e s  and th e  use ©f v i r t u a l  
core ad d ress in g  means th a t  n o t overy item  read  from th e  in p u t a r ra y  
need n e c e s s a r i ly  be r e t u r n e d  to  th e  corresponding p o s it io n  in  th e  ou tpu t 
a r ra y . The system may therefor©  a lso  be used q u ite  sim ply f o r  th© 
in te r a c t iv e  e d it in g  and c o rre c tio n  ©f i n i t i a l  d a ta  and could  tak e  th e  
p lace  o f  th© Honeywell progress!- BIPUT. The complete i n i t i a l  tap e  w ith  
i t s  m arker v a lu es e te  i s  read  to  th© in p u t a r ra y . I t  i s  th en  e x a m in e d , 
te s te d  and e d ite d  os n ecesesry  by th e  o p e ra to r , and only  th o se  item s 
which a re  accep ted  as  v a l id  d a ta  a re  w r i t t e n  t o  th© ou tp u t f i l e .
To p reserv e  fu tu re  f l e x i b i l i t y  in  th e  im plem entation ©f th e  system  
th©  in c o m p a tib ility  between d i f f e r e n t  m a n u f a c t u r e r 's  v e rs io n s  o f  
F o rtra n  which has proved troublesom e in  th e  p a s t must be s t r i c t l y  
guarded a g a in s t.  This can on ly  b© done by working t o  th e  most r ig id ly  
co n serv a tiv e  d e f in i t io n  o f th e  la n g u a g e ,  end i t  i s  th e r e f o r ©  proposed 
t o  keep to  a  su b se t o f  th© 1 $66 s tan d a rd  drawn up w ith  t h i s  aim in  
view (ESCB, 1976)* I n i t i a l  im plem entation w i l l  be on th© B ata  G eneral 
machine, which re q u ire s  only  minor d ep a rtu re s  from th© s ta n d a rd . A ll
non-standard  in s t ru c t io n s  (eg  g raph ics  and f i l e  c re a tio n  and opening 
commands) should however be kep t i s o la te d  in  c le a r ly  anno ta ted  su b ro u tin es
If a program , of this proposed size is ever to work at all a rigorous 
approach to design and implementation is essential, and this is best 
maintained through th© methods ©f structured programing. Here instead
ef directing control within the program by means of GOTO statements,
’ \
each stage of processing is identified and isolated in a separate 
program . unit, which in Fort ram takes the form, of a subroutine or 
function subprogram. It is not possible to avoid GOTO cossaasds 
completely in Fortraa which lacks IF - THEIi - ELSE, BO WHILE and 
BO tJBTXL statement©, but they should be used sparingly and only where 
necessary to cod© local groups of statements equivalent 1© these 
constructs. GOTO statements should not be used to switch control 
between different tasks or to return to earlier distinct sections ef 
coding.
By th i s  method th e  main p ro g re s s ._ a re  reduced to  l i t t l e  more than  l i s t s  
o f  subprogram , re fe re n c e s . The subprogram s. .■ them selves should bo 
kep t sim ple, and accord ing  to  Kem ighsn and P lauger (1978) each should 
perform  only  one ta sk , c le a r ly .  In  th e  course o f  program  . design  th e  
program unit©  a re  d efin ed  p ro g re s s iv e ly  s ta r t i n g  w ith  th e  most 
gen era l h igh  le v e l  ones and a l l  d e ta i le d  p ro cess in g  postponed to  th e  
low est p o ss ib le  le v e l .  The r e s u l t in g  in v e r te d  t r e e  1ms no c ro ss  l in k s  
between th e  o u te r  branches, a lthough th e se  may bo in tro d u ced  in  th© 
fo m  o f  shared  su b ro u tin es  as an o p tim isa tio n  measure (Jackson, 1975)*
There arc numerous advantages. Kost of th© work is done at the design 
stage and final coding reduces to a trivial ercereise. There is an 
enormous gain in clarity. It should be possible to produce program 
text which is directly intelligible (with c ©assents) without the copious 
documentation that was needed for the Honeywell programs. Flowcharts
a re  unnecessary . They a re  a  device to  in d ic a te  th e  flow  o f  c o n tro l 
w ith in  a  program u n it ,  and by th e  n a tu re  o f  th e  s tru c tu re d  approach 
t h i s  i s  always s e q u e n tia lly  downwards through successive  s ta tem en ts .
Any program complex enough to  need a  flow chart fo r  comprehension should 
he f u r th e r  broken down in to  d i s t i n c t  u n i t s .  In s tea d  on ly  sim ple b lock  
o r  t r e e  diagrams i l l u s t r a t i n g  th© h ie ra rc h y  o f  subprograms a re  
re q u ire d .
Debugging should cease to  be a  m ajor concern. I t  in c re a se s  in  d i f f i c u l ty  
very  ra p id ly  w ith  th© number o f  GOTO sta tem en ts  and once a  program 
reaches th e  lo g ic a l  com plexity o f ,  f o r  example, XHPUT i t  becomes alm ost 
im possib le  to  debug. Such programs a re  a lso  very  dangerous to  m odify. 
In  a  s tru c tu re d  program by c o n tra s t  th e  in d iv id u a l ro u tin e s  should  
be sim ple enough to  be thoroughly  hand checked and easy to  m odify.
The Honeywell programs were w r i t te n  t r a d i t io n a l ly  w ith  GOTO s t a t e ­
ments and flo w ch a rts . S tru c tu red  design  lias only  come in to  w idespread 
use  sine© they  were w r i tte n ,  bu t I  had begun to  d isco v e r come o f  th e  
b e n e f i ts  from experience (compare th e  n o tes  on INPUT, s e c tio n  2 .2 .1  
in  re p o r t  G1/79, which was w r i t te n  a t  th e  beginning w ith  th e  so f o r  th e  
p lo t t in g  su b ro u tin es , s e c tio n  2.5*8 w r i t te n  a t  th e  end). Experience sol
f a r  w ith  th e  new programs has shown enormous ga in s  in  c l a r i t y  and 
s im p lic i ty  o f  coding, and th© f in a l  bu lk  and com plexity o f  th e  p rogram  - . 
should b© lo s s  than  they  were fo r  th e  Honeywell system , a lthough  th e  
new system w il l  be f a r  more f le x ib le  and pow erful.
Case S tu d ie s : Examvtm o f  th® d is p lay sad  in te rp r e ta t io n  o f su rm vMiwwMinit \a*rwrv*»?zai»iiii■ « n ii»n «u i i»rf*iw i i?n ii i««MMai>iir.riw' r^r .^tartfir..iiOTiYifi-' i-i iikh r  r nr-n/<:iwnni*tt-tfa.fw«iwox»^ *aj«g>^ gaa>
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A number o f  p lo ts  o f  survey r e s u l t s  hav© been inc luded  in  p rev ious 
ch ap te rs  to  i l l u s t r a t e  g en era l p o in ts  o f  th eo ry  o r  a p p lic a t io n . In  th i s  
ch ap te r p lo ts  ar© used in s te a d  to  dem onstrate th® method© a p p lie d  and 
r e s u l t s  o b ta ined  in  p ro cess in g  d a ta  from p a r t ic u la r  su rveys,
4,1 Wharra® P ercy , Tories* i i H i n  n n w ^ n a n  i 1 ■— i» m MiM iiw > i iriiriiin ii i 1 <B i^ i~rw~iiw m i n i i iiu m i
Here th e  d itc h e s  and banks o f a  f i e ld  system on h igh  ground n e a r  to  
th e  d e se rte d  m e d ie v a l  v i l la g e  o f  WfeiErrsm Percy wore surveyed, ‘Bis 
sit©  l i e s  on th© Y orkshire Wolds (g r id  r e f  SB 85B 644) and th e  
goology i s  chalk  c
Th® banks d e fin in g  t h i s  eyestom o f  en clo su res w@r© s t i l l  f a in t l y  
v is ib le  above ground and th© survey  was re q u ire d  to  t o s t  f o r  th© 
p r e s e n c e  o f a s so c ia te d  d itc h e s , Th®B® \?ar© d e te c te d  a n d  ar©  c le a r ly  
v i s i b l e  as  aneiEsXies i n  th e  p lo t  ( f i g  4«1)« S<rs© 12 5®a sq p & res  
w©r© c o v e re d  which makes t h i s  only  o f  m o d e ra te  sis© f o r  a  m agnetic 
survey , Kuoh ©f th© tim e on sit©  m s  taken  up w ith  r e s i s t i v i t y  
t r a v e r s e s  which w©r© ale© mad© a c ro ss  a  num ber o f  th© f e a t u r e s .
F ig  4*1 shew s th© m agnetic r e s u l t s  a s  p lo t te d  u s in g  th© Surrey  
p ro g ra m s , S he  reading® w©r© processed  w i th  a  f i l i o r  r a d i u s  3 
p o s it iv e  anom alies p lo t te d  in  th© rang© n e a n  to  tsoen p lu s  2 
s t a n d a r d  d ev ia tio n s  in  9 l e v e l s ,  T his i s  on e  o f  v ery  few m agnetic 
surveys o f  a n y  sis© 00 f a r  processed^ a n d  w as p lo t te d  in  10 se c tio n s  
which w e re  thou a s s e m b le d  in to  th© p l a n .
Most o f  th© f e a tu re s  v is ib le  i n  t h e  i n i t i a l  t r a c e s  can b© id e n t i f i e d  
in  t h e  p l o t*  a l t h o u g h  some m a k e r  ones ten d  to  s e rg e  w ith  th© b a c k g ro u n d .
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Magnetometer survey, 1976
Computer do*-density plot
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Pig J*.1 P lo t o f  f i e ld  system with boundaiy d itch es  
F i lt e r  radius 3
•Range mean to mean + 2 standard dev ia tion s in  9 le v e l s
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Pig 2(.• 2 Wharram Percy
Unfiltered plot of top LH square of magnetic survey (as shown 
in fig 2ja 1).
Range mean to mean + 2 standard deviations in 8 levels.
TH© p lo t  could  He improved by a  g r e a te r  wmgQ o f  p lo t t in g  le v e ls ,  os 
o f  d o ts  p©r read in g , s a tu r a t in g  in  a  s o l id  b la ck , b u t t h i s  would 
in c re a se  th© a lre a d y  co n sid e rab le  tim e taken  to  draw each p lo t*
Tk© r ig h t-a n g le d  se c tio n  ©f d i tc h  in  th© to p  le f t-h a n d  square i s  a lso  
shown in  th© symbol p lo t  f i g  4»2. T his p lo t  was produced u s in g  th© 
amdosi c h a ra c te r  s e le c t io n  o p tic s  in  th© Honeywell d isp la y  ro u tin e  
and shows th© d e ta i l  o b ta in ab le  in  a  symbol p lo t  p r o v id e d  th© seal© 
i s  la rg e  enough f o r  re s o lu t io n  s o t  to  b© l im ite d  by th e  eiss® o f  
in d iv id u a l characters®
Comparison w ith  th e  d o t-d e n s ity  d®m©asirai©@ how, g iv e s  s  c le a r
d isp la y , thsr® i s  l i t t l e  to  be gained  by f i l t e r i n g  f lu r g a te  magnetometer d a ta .
She u n f i l t e r o d  symbol p lo t  i s  as  c le a r  and sharp  a s  th e . f i l t e r e d
do t d e n s ity  (eves a t  i t s  o r ig in a l  s c a le  o f  1*400), and lack s  th©
blank  shadow caused by convolution  o f  th e  f i l t e r  impulse r e s p o n s e
w ith  th© anomaly®
T h is  s in g le  3&a tw in  ©Icctrcd® r e s i s t i v i t y  square e-hows a .  s q u a r e  
o u t l in ©  which we© assu m ed  by th© a rc h a e o lo g is t  on th e  b a s is  o f  a e r i a l  
photographs t o  k® th a t  o f  a  B ossaa-tesaple*  Tbs ©it© l i e s  c lo se  to  
th©  Xin© o f  th© Homan road , n m  a  t r a c k ,  le ad in g  to  th© E 'g a te w a y  o f 
t h e  Bos&a to m  ©f K e n c h e s to r  eene 4 m iles  ¥  o f  H e r e f o r d  ( g r id  
r e f  SO 445 426)® A m agnetic cxmroy o f  th© a re a  showed, a s  i s  u s u a lly  
t h e  case f o r  b u ild in g  fo u n d a tio n s , o n ly  c o n fu s e d , anom alies w ith  no 
in d ic a t io n  o f  p lan .
S he p l o t s  i n  f i g  4*5 show f i r s t  t h e  u n f i l t e r o d  d a t a  p l o t t e d  i n  th© 
rang©  m ean t o  m ean p lu s  2 s t a n d a r d  d e v i a t i o n s .  T h e re  i s  a n  a r e a  o f  
h i g h  r e a d in g 's  i n  t h e  to p  h a l f  o f  t h e  s q u a r e  c o r r e s p o n d in g  t o  a  r i s e
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( i i )  Filter radius 3 ,  mean to mean + 2 standard deviations
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F ig  4*3 K e n c h e s te r ,  H e re fo rd
Resistivity survey of Roman building.
(DM® o u tlin e  io  v e r y  much s i c n g e r  l a  . th e  f i l t e r e d  p lo t  where a  c le a r  
and re g u la r  ancs&ly i s  v is ib le *  F or t h i s  p lo t  a  f i l t e r  ra d iu s  3 sad  
r sngo aga in  from mean to  mean p lu s  2 s tan d a rd  d e v ia tio n s  were u sed .
The r ig h t  hand w all o f  th e  b u ild in g  i s  m issing  and so a  f u r th e r  p lo t  
w ith  range m ean » <§• to  mean p lu s  1§  s tan d a rd  d e v ia tio n s  was t r i e d  
(n o t shorn)* Thie gave a  n o is ie r  background w ith  no improvement to  
th® com pleteness o f  th e  p lan  and so m s  n o t used  in  th e  r e p o r t .
i-
B ato r excavation o f tb s  s i t e  showed th a t  th e  square o u tl in e  d id  n o t 
re p re se n t a  tem ple, b u t r a th e r  p a r t  o f  th© foundations o f  a  v i l l a .
She r i s e  in  th e  ground next to  i t  was la rg e ly  f o m e d  o f  ru b b le  and 
d e b r is  from t h a  b u ild in g , b u t i n  . th e  absence o f  any d i s t i n c t  su rv iv in g  
s tru c tu re  t h i s  appeared a s  a n  a re a  o f  u n d if f e re n tia te d  h ig h  read in g s  
in  t h e  p lo t .  T his doos perhaps i l l u s t r a t e  th e  freq u en t need to  
compare, and to  in c lu d e  in  th® r e p o r t ,  r e s u l t s  from d i f f e r e n t  
p ro cess in g  tre a tm e n ts .
4 .3  T arm bv. C a r l is le
Th© problem in  t h i s  survey w as to  locat©  a  m ilc c a s tle  on a  s e c tio n  o f  
H a d r i a n 's  W a ll which has been com pletely  destroyed  n e a r  C a r l i s l e .
The m ile c a s t l©  (number 65) was thought to  l i e  w i t h i n  th© 250m le n g th  
o f  th e  f i e ld .  I t  i s  masked by th e  Ordnance. Survey m id-w ay  a lo n g  t ha 
f i e l d  b u t th e re  a re  p o ss ib le  a l t e r n a t i v e  s i t e s  on le v e l  ground 
towards e i th e r  end. Th© s i t e  i s  on b o u l d e r  c la y  w ith  ou tcrops o f 
sh a le  c lo se  to  th e  eurf&oo. The l in e  o f  th©  w a l l  fo llow s th© hedge 
a long  th© upper (HW) s id e  o f  th e  p lo t .
I n i t i a l  r e s i s t i v i t y  tra v e rs e s  5® a p a r t and p a r a l l e l  to  th e  hedge f o r  
th© f u l l  length  o f th® f ie ld  war© n o t co n c lu siv e . They showed a  
g en e ra l n o isy  background w ith  v a rio u s  p o ss ib le  anom alies. At th® SW
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TARRABY, CARLISLE 
Resistivity survey
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(i) Unfiltered plot
V  A|,
(ii) Filter radius 4 (as in fig 4*4)
(iii) Interpretation 
30m  A .M .LA B
Fig 4*5 Alternative plots of squares 1 and 2 (as numbered 
in fig 4*4)*
th© two tra v e rse s*  More c o n v in c in g  r e s u l t s  were needed and so th e  
g r e a te r  p a r t  o f  th e  f i e ld  \m,B covered w ith  a  t w i n - o l o e t r o d e  a re a  
survey* F ig  4*4 shows th e  r e s u l t s  p lo t te d  w ith  f i l t e r  r a d i u s  4 and 
range mem  to  moan pin® 1-J- s tan d a rd  dev ia tions*
Th® on ly  l i n e a r  ©r re c ta n g u la r  p a t te rn  found i s  in  squares 1 and 2 
where th® p le a  seems to  r e l a t e  t© th© an©malies n o ted  in  th© tra v e rs e s  * 
£h@r@ i s  a  dong© c e n t r a l  s t r i p  w ith  weaker feature®  to  each side*
Th® survey  i s  n o isy  w ith  anom alies o f  s im ila r  s tre n g th  to  those  o f 
square 1 and 2 e ls e w h e r e ,  b u t  th© p a t te rn  i s  random and t h e r e  a re  no 
o th e r  a l ig n m e n ts  which appear to  r e l a t e  to  t h e  d ire c t io n  o f  th e  wall*
rlh e  p lo ts  o f  squares 1 and 2 ar® shown ag a in  in  f i g  4*5* Tim u n f i l te r e d  
p lo t  ( i )  shows th e  b read  c e n tra l  a n o m a ly  c le a r ly  b u t l i t t l e  o th e r  
d e ta ils*  Th® f i l t e r e d  p lo t  ( i i )  i s  taken  f r o a  t h e  c o m p le te  p lo t  f o r  
© caparison a n d  shows anom alies which could  be in te rp r e te d  a s  a  w eak 
square enclosure  a ro u n d  th© c e n tra l  fea tu re*  This in te r p r e ta t io n  i s  
marked in  d o tted  o u tlin e  i n  p lo t  ( i i i ) .  W h e th e r  i t  would be c o r r e c t  
t o  in te r p r e t  th a  p lan  in  te rm s  o f  a  c e n tra l  paved a re a  w ith in  th® 
o u te r  w a lls  i s  s t i l l  uncerta in*  b u t a  l a t e r  t r i a l  ex cavation  d id  
confirm  th e  presence o f  th© s i l e c a s t l e  a t  t h i s  p o sitio n *
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